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.. In a preliminary survey, -cultures .were made fras the surface and tic a^ct 
-of -28. insects (mostly bumble bees, mining• bees■ and. hover flies)! 136 isolates 
of -bacteria and yeasts were obtained# The surface flora tended to' be. different..-' 
from that present .in the inside of '.the';.body* l?fee 102' bacterial .strains v^ ere 
examined by a variety of morphological*.' cultural and biochemical tests and 
the results'used to produce-a codgputer.. classification of the collection,. \
• Swelve groups_wore obtained,each be?leg-Identified by more intensive study- 
;of ’its central (or type) strain* The 'majority of,bacteria -appeared to derive-;- 
ftas the environment?:. ’ a few showed what was taken-to be adaptation" to. host* - 
Of the latter,: organisms. resembling ♦Chri^ aobacteriuat typhiflavum* ami •Bacterium 
eurydice* im m  obtained 'only fma bumble" bees#':':-'•
Subsequently, 41- bumble boos and 13 specimens of flowers were examined . 
in- order to obtain additional strains resembling tChr, :'• typhiilavasn* and 
»Bact» euryaiee*,' - ' A total of 47 of the-former .and''33 of 'the latter were 
studied in detail, - 'computer classifbe *,*on techniques being 'included* 
-'Unsuccessful; attempts were, a Iso mad^  to obtain these organisms. from. hoaeycarifcl..'
".The •Ctx. .typhiflavim^ ' --"like strains-formed 'two clusters, -'the larpor 
being, identified as gChr* 'typhiflavum18*1 * and the smaller :apxmt*ently related 
to Brwinia .tracheipldla* .
ThofB-act* enry&ice* -.like strains yielded four clusters: ' the. largest 
was identified as tBact* enrydice* by inclusion of a standard culture, and .' 
three smaller groups consisted -.respectively' of organisms related to' *Bacfc. 
eurydice* * -though not Identical with -it, group I) streptococci, find forms of 
dubious identity resembling Streptococcus. Aerococcus or* le&iococcus*
*' by . .inclusion of a standard culture
" It is suggested that Ghroadbactermm • typhifdamn end Bacteriuni 
euyydice shtsuld be: remmed' Ezwdnia tyyMflavuajt' and lactdbaoillus 
eurydice respectively* . -
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■ - : ;• Historical -
> ' .  Tim odeurrenoc of micre-orpnlsms in arthropod .hosts m n  first' . ■ 
noted cmounl decades /after.; the disoowery by a Dutch lons-mker* - . 
*ntony van Leeuwenhoek (1677) of: the existence of a microbial world* 
Arosg the more notable.' of the .earliest.-reports on the occurrence of • 
■■Moro-organiBias in arthropods;were those of Basal and another;. 
scientist* ."working.independently* Lcydig© In 183$ A ^ s t t o :-Bassi* - - 
an Italian* produced the first experimental evidence that a micro-, 
organism (the fbngtts* Boatworla/basslana) could 'he .the cause of.,an 
infectious disease' in an animal (the silkworm)© Leydig (IB30) observed 
the large* egg-1 t o  organ in aphids which contains yoastsr • this' he 
called. |pseudovlteilustf not towing its function® In X854 Boydig. '
also first observed budding* yeast-lto forms in the blood of a seal© 
insect© In neither case'could he rooognto that those objects were 
;>ed€arcM>rg3nlsms* -Following Bdydigfe work* the nature* origin-and ■ 
.development'of .the pseudovitellus wort, studied-by ..several* including 
Bosley. (18^
. In 1875 d© Sary* following observations which he . made on lichens* 
.coined the term •symbiosis**/'defining.it as *$&o Ereoheinung dos •' 
SueammonlebcnG imglolelmralger ’Organismon* (the phenomenon of living '
■ together of:dissimilar orgmlems)© Ha also proposed -that the .names 
for; colls'and organs containing symbiotic, yeasts should bo ' 
•myoetoeytes1 .-and hayectoaoB* • respectively* These latter terns hav© 
persisted with' mnpmt -to - all such'structures* m m  when the micro-
organisms they contain nm  not yc i**ts' but ■ bacteria* protosos o f  -. 
other'forms#■
2n 1886 Bloetann noted the presence -of unusual bodies in the 
eggs rrndfoXXieular membrane© of ants and wasps and. 8uc$0&te& these 
objects to .bo bacteria#. Bator (iSSf* 1888) when he found similar.', • ,.f 
■bodies in the mycetccytes .of th© fat body m  wall m  in the eggs © 
and .embryos of two ©pociea of: .eedsre&eh* Hatta orlontalie and .;.. • 
Blatttlla m ^ n i m s he - esprdsscd greater coafM m m • that"those. - • 
-forms war# -indeed bacteria* Thle belief m &  based on the reactions 
of these, structures to various reagents a n d ' stains*. their multiplication 
by fission and their method'-of infection through the. egp® Blbeta&m*© 
attempts to culture mioro-or^nloffis from such altos wore tmsuceossful# ■ - 
Shortly afterwards Wheeler (188$) also observed 'l&tsaeollid&v bacteria- 
ISfee'forms in tissue© of Sl&ttella gormanlea and Choi ©Skcwe&y (1891) 
and Hsymona' (1895) further oonfimod those observations*
' 'During the period from iMpQ to 1900 several important .-diccoverios ; 
concerning the arttopod-*tran.mittod diaeaee© of plants* animal© and 
m n  were made* Certain of those nm hi Table I#...
After the turn of the century* considerable attention wa© 
fomiaed on the role of micro-organisms in the control of certain 
'destructive Insects.and also on method© of controlling fatal microbial. 
diseases of'mm useful insects® The possibility of using micro- 
organisms•;in the control of destructive insect© as-well as the part 
played by them in the.-destruction of useful, ones aroused further -
m u m  t
Soso early observations on.arthropod transmission of plant and 
animal disease*'-'
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' further interest-in'the basic nature of insect disease® Prominent ,
'■ for their studies'-os,the pathogenesis of insect diseases during the '•
• ©arly years of ifcife. century were Paillot: and HetaiaSkov in France*
. U m e m  in Italy® Omori -and Mitani in •Japan* and White and (Raser in 
: the United States (Steinh&us* 1963a)®
: Only the' 'commercially important: insect' species' such'as the
silkworm, Bembys: mori and "the honey be©*'Apis mell if era-'Imve been
'extensively, studied;as .far as their dioeaoes'are'concerned®-/ Well • •
-. known -pathogens of -the - silkworm include Beauvoria bassiana (a'fungus .
which attacks by direct ;penetsation of the insect' cuticle- causing -
. the condition known ‘.as mnsoar&lne. diseases llosesa boabycts (a' protosoon) -
the cause'of pebrine, Bacillus serous var® alestl .consld^d'ahl^^ e to be . 
the cause of_.flacherie in the larvae, though the condition is now consider-a to be 
yirai/'-in.^ origif^ and different kinds of viruses which;cause cytoplasmic and
- nuclear polyhedroses.. :
The honey bee also, suffers from ’Various microbial diseases * ” -
• for esnmplCg American -foulbrood caused by Bacillus larvae 9 European 
: foulbrood caused- by a combination" of Streptococcus pliiton and
. * Bacterium eurtydicef (Bailey*' !95?a) * nosoma disease of the adult 
caused b;; llcsema apis and-saobrood* a- non-inclusion virus disease 
of larva©,-
Of the diseases of harmful insects only the milky diseases of 
the Japanese beetle* Poptllia- japonica and the virus diseases of 
sawflies and of the-nun moth* Bymantria monacha have been studied • 
in any detail.
There ®ro".muy. notable' example© ■of successful. use . of microbial 
'dieeaees for ■ .tbo 'control of injurious insects*. Foremost amongst 
these are the control of the Japanese beetle -by m m m  of typo A. .
"milky disease of this insect caused by Bacillus popllllse (Butky* 1940)* 
■ control of the 'European''- spruce sawfly® Diprlon heroyniae by moans of 
a -gut: peXyhedroeie (Baleh anti Birdy; 1944) and. the eo&troi -of-the-., 
alfalfa caterpillar*.-Colias eurythemo' by a molear .polyhedroels' of .■ ' 1H W.I*[#|»| j I*r i ■»!*#!■ ,H*> j Im if| V • • .• '
this- species# Today* B?oillus tlaaflagiensio war. thuringieasiO*an 
insoot pathogenic ©train of Bacillus m m m $  is • receiving -increasing '
: attention as a tslTOblal'.insecticide$ •-and there are a number ..of. ;
. examples of its'sucoossfal uee.(Batkyf 2959)• :2t is easily cultivateci' 
on various media and by mass' techniques* This, pvgmim -and several 
related ©trains .-of tho same species attack a large, number of injurious • 
insoot© of '-eotreml orders* including' the' '-%menoptera# Coleoptera* ■
Biptexa end Ortkeptem* but they are meet effective.against''the 
Bepidopiem* It'Is of interest to'know that the honey bo© ionot' 
affected' by. m f  ©train" of Bacillus thurlngiensl© (Erleg® 1961) * 
indeed® one of the meet attractive features of 'this organism ©s ©
, practical. microbial insecticide is ‘.that it does noiwjptrr .to' hem 
• most useful Insects (Hoimpel .end Angus* 1963)*
Microbial control of insects is becoming increasingly popular', 
because insect pathogenic aicro-orginisms are usually quit© specific 
for insects* and are not injurious■ to plants* domesticated animals 
or mn*'. Tm  hazards .presented by the' use of chemical insecticides 
are thus avoided®
Sfceoet.' diseases, .caused by bacteria* fungi® protosoons* rickettsia 
and viruses. along vrXth their eplsooiioXogyf field and laboratory. • 
-diagnoses and their applications' in the control- of destructive 
insects have • been - vary thoroughly reviewed (stelnhaud*. 29$3a*b)* .
.' - Although remarkable progress - Irtfs?? been made in the -applied 
-aspect's of insect -pathology® only a few investigations have been' .:
• mad©.on;the mieroHerganioas -of healthy insects* • Prominent.among - .-:
■ these'are'the studios of Buchner'(2912* 2922* a»b*o) on the symbiosis 
in aleyrodids*' ecocide* aphids® psyXlide* oieadellids® cicadas* . 
,blattids* %menoptora and Coleoptorsu - Reviews ©a'the subject .have / 
been presented by-Glaser (2930)? Ralllet (1933)# Steinhaus-(2940)* 
Buchner (2930* 2953) and Brooke (2963 a*b)*..'
It would:seem-'that'most of the work in insect ‘mioroMology 
.has been done under the pressure of .urgent•. need m i  that the
• studies on ®toz®~orgmlms of:healthy insects have .bees .-largely . 
neglected* There'is much to be -done which would -be of -fascinating 
interest® For.emmple#. the several.types of relationship.existing 
between riicro^rgmlesjs and;-.their insect kcrnis offer a h ' interesting; 
challenge' to the biologist 'm wall as - the insect .microbiologists 
Again* it is likely tint associated with the many insect species ■ 
are a large and probably vast- number of both ortmcellular and 
intracellular microHargmlems offering fruitful fields' for studies 
in talcrobial /tawicmy#:. -
If progress in Insect oderoblology. appears to. have been somewhat 
slow* this may well; be due to the hi#i degree of " specialisation — ' 
demanded in the present day by the discipline concerned® Entonolo- "■ 
gists with extensive training in microbiology are rare#. Similarly® 
microbiologists with sound entomologie background are . seldom found® .
■ It is apparent that the development of .this border, line field between 
two branches of science depends largely upon co-operation between ■.
. entomologists ■ and microbi©lo^ .sts# Unfortunately®this co-operation 
is .not possible unless entomologists. and microbiologists are 
Introduced'to. each o t h e r ! . \
■ Another, reason /for. the slow progress of the subject is the 
tendency of such insect microbiologists as they# are 'to -study only 
the applied aspects of their chosen fields® This attitude is* of 
course* by.no means confined to insect microbiologists* and-neglect . ■ 
of so-called academic: or .-pure science will always have a limiting' 
effect upon- the growth and development of knowledge in any region 
of scientific endeavour® . Pasteur wrote that there were no applied '' 
sciences* only science and the applications of science {Brock* 2966)# 
Steinteus has always -emphasisedthe basic and "fundamental nature of - ' 
research in'inaeot.mloroblolpgf» and'deserved to bo given.the last' . 
words •Applications begin to run dry without tho reservoir of 
fundamental, inf oration'.from which they spring*«
t^erminology
The u m  of the tom symbiosis tee in the-pactM m  subject t©;': 
considerable abuse by biologists and non-biolo@iet@ alike (Stolnteus, 
1949)* - it M b already been mentioned that 4© Bary (lS?9) had coined - 
this tom to denote the living together of dissimilar cr^nisms is. • 
a close^ spatial and physiological relationship regardless of what ", 
mig&t ha the result of Biioh m  aeeooiatioa* According to do Bary, . 
symbiosis doee .not exclude paracitiem or'oom^iaalto* ;.0» the other 
tend a large number of out hors , working in various biological, fields,' • 
:teve used this tern: to Include only those unions in which the ©sso~
•' elation is .mutually advantageous. Such usage of the tern symbiosis ' 
is, of course, not - in accordance with its originator* Xn 1937p the 
Committee on Terminology of-the American Society of Parasitologists
■ recommended that the word/should• b©.used in the sense for which de'tery 
originally coined it. ' Subsea.uently,-' Steinhaus (1946, 1949) decided ’ 
after much deliberation, to define the t era mere clearly, using it.
to describe not only the relationship which'ethers-had called 
mutualism ( in which the association''.is mutually advantageous), but
■ also parasitism’ { an association in which one partner ;profite at ■''. 
ik© expense. cf the other) 'and - comaonsalism ( an association in : 
which one partner benefits without affecting the ether). This 
meaning of the term tee found general favour, although a number of .
'. writers'prefer to regard symbiosis as denoting mutualistic relation­
ships only.
Symbiosis, in the senso in which the word Ins now cose 'to 
bo used, gsnorally implies a certain degree both of specificity 
and 'poxs&neney* Specificity implies • that property of two into- 
meting systems which permits the one to internet with the other 
with some degree of selectivity® (Weiss, 1935). Symbiotic specifi­
city Is, therefore § an expression of the meclmnteis which determine 
why and how certain oripnisms frequently associate with others,, and 
why their choice of a living eubstmt© .'is restricted to ouch . 
organisms, or even to particular regions of rnhh organisms#
Symbiote (symbiont)
, The terms symbiote or symbiont mean, of coursef an' organism 
that lives in, symbiotic association with another organism. Symbiont 
mo the form originally coined by do.Bazy, anrl. lt Is regularly used 
by many biologists* The word is derived from the Greek sumblotesa 
meaning companion, partner, or on© who lives with another. ' The 
correct. English form is, therefore,' symbiote (Stolnbaus, 1946,
1949* 1963. %  b)* :
fk© term sy^Mote (symbiont) may be ■-used for either member of 
a symbiotic association, though It has become the custom to refer • 
to the smaller as the symbiote (symbiont) and to the larger as the 
host*' The term mlcroBymblot© is sometimes used to decimate a 
symbiotic microorganism. ■ -
Hormal Horn
The tors normal flora doss not stay© carry the m m  meaning* ' 
When-used in reforeno© to a certain region or habitat, it denotes : 
the range of plant forms which eharaotoristioally .grow' and multiply 
therein tinder specifled 'environmental ooaditlone# On the other "tend, 
when used in connection with a particular plant or animal, species,. 
•or an individual.-of -each a species, the tom normal 'flora generally 
■describes viruses, ric&olisia, bacteria^  yeasts and other micro-’ ’ 
fungi, fsioro-aigi© and protosoa which commonly live in closo 
association with healthy..-individuals of that plant or ante! cpocioc 
under specified environmental Conditions, and should more accurately : 
ho called normal microbial flora. : ■;
■’ Thus*since.symbiotes are .taken to include mitiualiefe,''parasites 
and commtele*- all; ©ioro-or^niess' comprising a normal flo m arc . . 
symbiotes though not all ©IworSyBbiotes are necessarily members of ■ 
a normal flora*..- In other words, - all symbiotes, excluding those ./• 
which.tebiiually causa disease, in their hosts, are normal flora.'
.' Bosebary. (1962), while describing tho. natnr© of micrb-or^hisas 
'eompristeg the normal :himn-flom which he termed the Indigenous .■;■ • 
biota' wrote, I^mpinging upon m n from'the human and non-human' • 
-enviroaBeatf. 'they are.able to survive and multiply and to persist ■ 
for, appreciable ■periods in one or more locations - on or in akin, ■ 
or on or ill a. mucous surface not far from an external orifice - 
' without eliciting a - violent reaction In . the otherwise healthy hoot®1#'
■fhe?, .noatealj flora of the human body tee been studied in greater :'
. detail than -ibat ..of other habitats or hosts* ' fb© ; survey, of ihdigonous: ' 
:mi02*o*»organtea;of can tee revealed a broadly .oJferaoteristio- hut
variable oollootioii of species and strains which .’differ from.
•one. site to another# forosamplOf the flora of the tonsil. in different. . 
"from that of.'the vagina* fho immbor and of mi<a?osyis:h*otic,
opooios asd tbs total numbers of Mcrb-organioms 'vary'dharaetGrlstlcally- 
■ia tte different tjMup huts with corns exceptions.*) species found ■ in • ,
. one locus arc likely &%$o to bo found'' in others* though generally:'
. in tmllm numbers (B0sotey#<:19^?)#.' $h© normal flora' of a - given . 
human individual remains: remarkably.coadbnt and' the edoro-orgahims 
which oonstitttte.it do.not’.'caiise disease'esoept occasionally whan \. 
;aoeldcnily .introduced' Into normally -protected radons of the" body or 
, as a result - of. elite?. endogenous or exogenous phyoiolorleal changes 
within the host* :lbr,templOf" erogenous factors-sueb.as a radical.;■ .■•:;■ 
Change in-.diet or .infection with a virus' may alter, the conditions 
■within the - body In such©' fhshion :tbat' a member, of the.' normal bacterial 
flora can .become'' pathogenic (Stanier, bottdoroff and Adelberg,: l$$6)$ ■
- .a&ih* purely. endogenous' factors snob as. puberty* phase of oestrus 
cycle or senility, may likewise ■ cause a' lowered resistance of the 
.'■host, leading to depredations by members -of the normal' flora* : -
.fhoro stems to exist e dynamic equilibrium between micro-
or^ inisms of the normal '.flat* and .their healthy host® and It might 
' be'reasonable to assume that this equilibrium ie the result of. ■ 
evolutionary development .or adaptation-by both’ partners of -the symbiotic 
rc^ ociatioa# Alteration in this normal symbiotic state (wliich medically
■ - ■ ' ■■". . :
trained microbiologists often refer to as tho hosi-parasite- 
equilibrium) ’way produce effects beneficial m  detrimental 'to' the 
host* fto© Is cemsMorsble flexibility in host-noassi'flora, 
relationships It cm alter with the’changing habits and ways' of 
living of tho’ host* fhB dividing line between 'mtmltej’eoisMnsaito 
and parasitic® •£© not dmys ©harp,, and a relationship that eomasaees 
an mtfialistlo ©onetime© bieomts 'parasitic 9 m  v l for 
instance* Eaohagichia • coll# a characteristic teoteritM of tho damn 
intestine, which doci&s on 3to host for certain nutritional factors 
and for -favourable • environment -.(such as ic^pature, pH, oxygon tension) 
and la "return m y  synthesise ’©ebalamtn©' (vitamin and other growth 
factors which mpplmm& the.host1© dietary' constituent©, m y  on' ' 
occasion assume the role of pathogen*
Limitation and m l m  of noma! flora studies
For'various reasons it m y  be very:difficult to .-give a.; complete 
desortption of the normal microbial flora of any: animal species# ; Tho .' ■
result© obtained in any studios designed to investigate such 'flora 
depend very largely oa the techniques - used' (i*e# method of ©mmimt ion, 
medium, method of incubation etc#)« .- For emmple* a study or survey based 
.cm ommlmtim of stained smears m y  give results quite different - 
' from- on© based:on cultural'Oxasdxiation* Biie to the: fact, that one' ' 
'oultee.iaediuiii encourages the:growth of some 'organisms', and hinders- 
' or entirely prevents the growth of' others,. the result© obtained are 
dependent on'the-Choice of media#' Similarly, the method of. incubation 
materiality affects the results* cultures incubated aerobically reveal 
a-very-different flora ffcoa those inouhated' anaerobically# fh© - '
; temperature of .incubation is another factor which may'affect the - . 
result© of -normal flora stiities*.;
It is sleoiieocv^iyfo tmderstand tint the term normal flora 
m y  itself -he misleading# f he '.population of microbial' -symMota 
-my-vary both quantitatively and qualitatively. according to the'age ' ' 
or ©tag© in life history, environmental condition© and habits,
' including .feeding.habits, of the host# Much of our 'knowledge 'regarding 
this kind of variability.-derives from studio© of normal human flora#'
Breast-fed ..infants, for. .-example, normally have a predominating'
/
. intestinal populatioii. of a particular' XactoLaciXlua, Lactobacillus 
bifldnc# whereas bottle-fed ■baMo© have a more varied flora# In •
'adults, the intestine harbours Isrno numbers of col if ora bacteria, 
anaerobic Orat^egative organisms of the genus Bactorolflee# Clostridia -
and streptococci, as well as .smaller ntgiibor©'of'• may other. types#
.the proportions of the .different types'being largely dependent -on , : 
the diet* It is possible to give a description.of the intestinal .
: or nnsoptayngsal'^;^ which will '.apply to the great majority ©f adult • 
' persons living under a partlowil&r set of environmental conditions! .
. hut each & description may not - b© applicable#. or saay apply ©hly In ' - 
'..part# to another community of'different habits# eonouming a-different • ' 
diet# .or exposed to a' different climate•. (Wilson.and Miles# 1955)* ■
: Shore are. certain bacteria. which-are knom. to.occur'constantly and '•
'in -large numbers in' particular sites of the human body# for .©sample# 
Escherichia ©oil in the ■intestln©# Streptococcus vlrldans in the ■
.' msopfcaryas# and Staphylococcus albus on-the akin*' 'In addition tb; 
euoh constant constituent s 5 there are ^however# many other species 
v/hose range is limitod in apace and time# and others ©till which 
are derived from the environment and do not multiply .in association 
with the lioste These three broad classes have been termed the basal# 
supplementary and transient flora respectively (Wilson and Miles# 1955)*
Special problems associated with study of insect -normal flora ■ -
The normal flora of aniinoect opeclos^ ic# of course# the 
microbial population-which-ic associated with normal or healthy.
■ individuals of that insect* In the majority of insects# however# . 
it is difficult to determine whether or not a particular specimen^  
is healthy .unless outward symptoms of disease# such as dkanges in 
the insect*s colour# or malformations of appendages# integument or 
other parts of the body are noticeable« One cannot claim a particular 
insect specimen to be healthy before making a detailed pattelbgical
; ©samimtios which io ono of the moot complex -tasks in th© study of 
insect diseases* The i&m apparently healthy individual’#*' carries 
. at least some meaning when used to describe higher animals# euoh as . 
'domesticated animals or. man# in which the sign© of'disms© are 
generally recogfitable without too much difficulty! it' has much lees 
value for small insects which may he diseased or moribund and yet show 
no outward change ©scept to the ©rporionood insect ethologist* /
Transient miorcflom may’ figure m  largely in cultures obtained 
:- tsm m  .insect spedmen as 'to-obscure the more permanent basal .or ...'.
; .rapplementary florae This may be'expected to be so particularly in .' 
..the case of insects which oca© into fairly intimate confect with 
-their environment'or their food source# .Scavengers'mob as cock-*, 
roaches and houseflies nay acquire a large variety'of'bacteria on 
account of the wide rang© of foods taken# some of .which may be 
' undergoing decomposition when consumedj thus their feeding habits 
, introduce further difficulties in defining the composition of the 
normal flora#
the nature-of the mioroflora of some insects is also known 
to -change with the seasons of , the year# due to climatic alterations •' 
or to change of .habits of the insects during the year# For example# 
.-houseflies usually carry a bacterial flora consisting principally 
of Cfcaia-positive cocci during the early spring# but frequently this 
■ changes by midsunsaor'and late autumn to one consisting largely of ' 
email tiv© rods# apparently mostly ©olifossns' (Sieinhaus# 1949)*
- Xt may. bo that the cocci represent the basal flora# later to be 
maCkod or replaced , by the 'Oram-negitlvo rods which are found in 
groat ntsmbprs in decomposing food©
The tissues of isothermic Vertebrates are' normally sterile., with 
regard .to ■bacteria and fungi* . the . only organism©., to be-found# except - 
for benign or nos-p&ihsgenle viruses#/ar© occasional-bacteria derived' 
from th@ gut .or m m m  memteaes which reach the tieauea:5b'small 1  
numbers by-way of the blood-or lymph stream# usually.-carried lit .  the 
Cytoplam-Of leucocytes©' Xnseot/biology fj3r.hewevej?3 "Cteraoterlsod •■'. 
by the occasional presence :• of /highly adapted symbiotes' which" inhabit . 
special nolle, or tissues and are found there exclusively# -'There • 
symbiotes may he of definite vain© to the host? 'for .example# it - has .. 
1mm found that the m & m o h  which normally' possesses these ‘ intra** .'• 
oytopla&sio symbiotes (mi<n*o*€>r^ntes) ' m y  miff or from :a. nutritional 
deficiency if'the micro^orpnimas are eliminated from 4te hoiyf •'- 
appropriate &@m® of Certain dlth© B ;^?onp of vitamins' 'and eterole - - ■ 
can'replace those symbiotes (Brooks# 1953b)* .'Successful.'cases,of "-.• 
culturing and identifying these intracytcplaemio symbiotes are rare* ; 
indeed# may, workers believe them to be not symbiotic orginims.tmt v 
laltoobondria# cell organelles or waste- products© The ■ diif iC&tiee. 
of et&turitir these 'itttraeytoplaemio raiero-»organistas# if such they--be#., 
have been mssmrieed by Greeks' (1953b)® ■
.It is thus difficult or impoesible to give a^ oomplot© description 
of th©.:ncrmal flam of .man# .animal: or. insect© ■ One earn mere ly-record.- 
the results obtained# taking ear© to indicate net only the percentage 
occurrence of different organisms and# if possible# tliolr relative 
atmndans© in any Individual# but also the .techniques used to obtain 
the'results# the seasonal and other conditions under which the survey 
ie.mde and the locations from which specimens or other material; were 
obtained© Bran so# the results cannot necessarily .be extrapolated . ••-
'for ether communities ©r .c&lloottcnb of material* . .•On©’ cannot say : \ 
that the ©ierobial flora■ of -certain individual in .normal and that of . 
another abnormal! tm m n  only try .to. oppress as exactly as possible 
how near it--in or how far tzm the.usual* '(!*©*-' the statistical mean)#mwuv.winfcuwimiw  ^ * w
which is a: different matter5# f ku© In attempting to delineate the, 
normal flora-of a particular;l©Cus one must adopt a  statistioiatt5©-. .; 
vioar of normality* - '
■Microbial l | ®  surveys'can'yiold epSd^iologlcal 'informtion '"
of '.considerable value* * it is sometimes found that a . proportion-of 
apparently healthy individuals harbour' fs&cro^gai&ssiS which:' have' • 
an indisputable ■asGOCiation .with dicsae© cither in the same species# .' 
in which case';they are -hnom as .carriers*' or in other-hpeoies# for - ;• 
which they may bo reservoirs or vectors o f  disease#
Comparisons Miween the microbial flora of groups of healthy and 
diseased individuals ■ of 'the same antol species m y  aid.in-the evaluation 
of pathogenicity or. potential pathogenicity# i#e# which crguaims.rogi- . 
iarly eauso-disease when present'in that spcoics# and' which ■ ©saber© ■ •' 
of the normal flora may on occasion become ..pathogenic to-.their .host# - \ 
whilst at other.'tioos residing harmlessly on its botlymrfacos or in 
.'its tissues*. \ ■'f .
'«SBdth, 1950'
Hew specie© of wicsoMi^ntmts m y  be discovered during the 
. course :ef normal flora studios and in this my'our l&bnledgo of ■ 
microbial taxonomy m y  he widened# For example ^ ths coEeept of .-■ 
gems Atmlimnm 'me. radically altered by the discovery by- :■ '■ ^ -«w»i**iwe»d|wwwi*ie*ewimwwB ’ . . >  ^ v v
;AM«el*4Mdlt and Olbeen (1952) of organisms of this group existing ;. 
in dairy products and noil and differing in various, respects ttm \ 
the faecal orginisms of which the genus had hitherto been thought ...:; 
to he composed® . . -
Studies of the inceot^tensmltied diseases* insect .pathogens# • 
and the biologic relationship between, pathogenic mloro^rgmisms ''.: -• 
.and their Insect vectors are teporfen^ to '..ism because certain 
microorganismsproduce inscct-transmlttod disease ’.'in' useful - or. .
. economically valuable .plants.-and animals (including-the..honey bee : 
and- sills mm;.m mll :m, cattle#' sheep and other - domesticated-animlo)'
■ and also in m %  himself# further# some microorganisms f such as - . 
Bacillus tknrlngfensis can* m  .has. previously, boon-pointed out# be':wwi)WMwaif-Aapi»!»i*i»>- whmtwi >*>uiiu<wroitTf,. «nnn»m!rTni>«i:9 ■ * ■ •_. *■ * - . ■
used in - the control- of destructive insects# " k -ualM assessment;' of.'.
- the pathological significance of any. isolate, obtained.-during studies 
."oh-insect..disease m n  bo achieved only -through a thorough understanding 
-’of - the - mimofloss - of-the healthy .'individual® I.
Lastly*-the results obtained in normal flora studies ’may 
have no apparent usefulness at all| yet the work is still good 
if it merely reveals a little more of the infinite complexity yet 
astounding orderliness of creation*» *
& Smith* I960 i
Aflaneonlan. EOthode in Mologleal
- and microbiological olasoifleaf ion .
■ Whenever . w  face© the problem of dealing with b V rga number of / 
different object©* Whether living or iKm-living* ho tries to device . 
my© to arrange them ©ystcmiicaliy for tbs 'purpose of ready reference*' 
and in order to gain insight into their , nature and relationships0 The 
.mire-real applicability of the ©ystiimii© process 1© neatly under** 
lined by Imt (1959)* • *The pcssiblliiy to classify is- independent of 
the material ■ to - bo' elassif iedf there, i© no essential difference 
between the olaeslfioation© of-Concrete or abstract item©* living or. 
Imnimte one©*' Tbii© there are classifications of'celestial bodies' 
and languages* ;cf resits and • religions* of ©toss aa&.cr^niema* of / 
vehicle© and human m®lions’* The. process of systsaati© arrangement* . 
when applied to living things# Is usually' termod' taxonomy* thou# . ’
mm® prefer to us© the word %yete®atlcef reserving taxonomy for the /
' study of the fundamental: logical processes by which systematise-.are ■ 
carried out® Components of tanomomy arcs (i) claccification* or the-/ 
©r&erly ara^ ngomeiiis of living'objects into groups {iaxa)* / • .
(11) nomonclaturof' dr the naming or labelling of tassa* sarif (ill); identi~ 
■fimiioh of ts&nom objects;'with tarn previously defined /and-named: by 
ol&estfloatim  and nmmolatur© respectively*
There are many pessibio- ways of classifying living organisms* ' •
.the nature o f each i&assification depending on the purpose for which 
if Is constructed* Classifications may be based on ono criterion 
(i&onotheilc) or a few criteria (oligothetic) and m y  be devised, for 
special' purposes- (special or artificial classifications* or catalogues)®
For example* .vertebrates be. grouped on.the basis of their 
colour only* A/ group of white animal© time obtained might comprise 
widely different -kind© of creature-and each an-arrangement. would he...- 
m  guide to the ‘Chape* sic©,-weight and.©any other, equally ei^ iificant •
character© of the;animal© -concerned*. -Any such' claseif ieation is of 
course highly artificial*. . Xn'vccntrant* there m y  be polytketlc •;
claoolfioationoj based on-tsany properties of the or ennisas*' and' -such 
■classifications ere often thought -of as being more ’natural’ thanamoho- 
? , thetic ones* ; It would. seesa. true to say that .-artificial ••Claseifi** 
cations differ from natural one© merely in ; degree ..and not in:kind9 
the-former being-only wore artificial than the. letter*' •■
.The term-’natural’; .has-also been used to .convey other, ideas in .'• 
•taxonomy, The. earliest usage-.wan that of. the' pro^voluiioa&ry ' 
iaxmomiste#. including Linnaeus* for whoa a natural - classification
cf organisms was-intended to -bo based, on their ’real nature* or 
’essence* In an Aristotelian scare*
- -OoiameUXyioe* the tens'.’natui'nl -olaesificaticn’- is taken t© mean 
'■’phylogenetic classifies^ lea *-whieh tee been defined as ’the art of 
grouping living organisms - in -the manner-, which expresses. best the 
:dopes -of- their:evolutionary relatedness’ (Stanier® Dcudoroff* and 
Adelberg* 1$£S)*
the taxonomist* the-ideal classification would* perhaps® be- 
that - which embrace© the greatest possible -content ..of, information® 
allows the/ ijaxtsmra eomrcnienee in use* and-which can reflect phylogenetic 
interrelaticnohips of -organisms or tarn - included* This is the kind of ■
ot&unitimbim to which work' oft higher' ovtgm&m® during tbs last 
two centuries "has been directed*'
In many -grottpa ©£' higher plants hn&-anSmlef ih© coasiTOcbioa of ". 
a: natural o^  jdiylo^ aetic'olasBifiaatioii £e rolntively easy-(or-at 
least $ apparently m) because of. sovemi 'amilablo line© of oviteica 
■ indicating evolutionary relationeMpa! inoluding /hfflsoio^ e© of > 
struottire-'ahd' dovolopsexit .:.&»<!* frequently*'' an extensive fossil;record* 
The task' of forming a :natuml ^ .aGsification' beeomea.usore and mor© •
difficult*, however* m  m~ move 'towardsloter fora© of plant© asid .;
. miming minXy'dueto dimlnisbtiig volume of evidence that cm bo 
derived from the fossil record analysis# . Because' of -'the: absence of 
palaeoatologioai data® -end the scarcity of information on ecology ■: 
and the ezehango of genetic material' in nature* .'the' problem of - 
©stablichihg-iiatuml '-tarn on a phylogenetic "basis' becomes most aout©
. in' the- m m  • of tsicro^ orgsnlom©# Many miorobioiogiots men ''believe 
that' it 1© not feasible to; mice a natural, system of classification 
which can express molntionary and genetteal relationships of t&oro* 
organisms* and. further that' ’it ' is impossible ■ i© define natural,. 
:iaiorehial species* • (Cowan* 1952)*- Although it" appear© to he the aia 
of ; taxonomy to arrange the-cranio world phenctioaliy-aa&'pfcylo-* /' 
.genetically* no' taxonomic • method has so.-far boon able to achieve/thio 
slMiltanoou^y in a completely satisfactory mnaert Miobsaer and Sofeal 
(195?) emphasised that c&assification oaanot descrlb© both affinity 
and deseent. in :n sin#© eoheae* ;.
v . Because* as has'already hc.cn pointed out* mlcopohioiogiot©' as?© • 
unable ■ to coastruet tmiural. t r on a phylogenetic basis* -they iaist
make use of overall similarity or. affinity of' mlcro-or^ iniems for 
clafisifioation* Since a random sample- of the." genotype can § as., 
emphasised by Sakai and .Sneath (1953)* be beet obtained-'by. sampling--', 
m %  and various characters® the meet useful way of eonatruetlng ■ 
microbial taxonomic groups' would bs one .based on the "overall reeea~ ' 
••blanoe or- llkeaests of '.edcro-or^ nleme studied® 'employing as varied a': 
eeleetion of eharaoters as pse'eible®; ’A .imtuml assemblage.^ 
organisms need not owe its unity to the possession by all members of '. 
one or a t m  characters in common * but to- the fact that'any pair , .:
eliare more characteristics in common than would any member with on©., 
of another., m&h assemblage* (Hf©lop«*Earrisois® 1962)® • Suob:a .ola®si- 
.fiction would* of course*' show the relationship of organisms based';- 
■not on ancestry, but on-overall similarity. ©r'affinity!•■'■ in other/ ' 
words*' it might' or might not hive phylogenetic-: significance* : Without -. 
fossil evidence m  phylogenetic conclusions ©an bo -drawn from simple - ./ 
estimates of similarity sins© similar; structures: cm also arise from 
- convergent .'©volution®
. -. Heslop-ferrisoa crgtiofs very clearly, that c-iod ’natural*/
claeoificatloas' need not .always 3# phylogenetics 8 It'.is historically' 
.demcsnstrablo..that. good ?natural8 classifications of parts of living 
kingdoms were made before there could have been any intrusion of 
'evolutionary ideasi -so it is at one© evident that a phylogenetic 
hypothesis' is not. a noaeosary tool for the formation'of natural "'• 
’^nipings*..- 'Scvortholoss* phylogenetic speculation may affect the '. 
missing up of -., criteria' in the formation of groupings in.-the taxonomy -. 
of higher org&ttlemes so it -may be said that-' evolutionary ideas have , 
com©: to affoot taxonomic. practice® But what is important is tint"'the. 
Rouping.is still carried m  by-©©mparleoirand.' contest®-and.practically
never with; prior knowledge of phylogeny# Because' of tkle*;taxa: can 
never be certified a© monbphylStiCi sines -eonvorgsnoe is always' ■ a^ possi 
,- blllty* -and'one/net totally excluded by. any .evidence, whatever-except 
knowledge of phylogonyV : -
' ; fhe next' acoeemry step after- deciding that ■ the basic nature of 
microbial classification should beet be polythetio and based on overall 
similarity is the .selection-of olnraeters. to be employed and the. . "
. decision 'a© to' hotr-tbd available data should be.used* • including, any 
necessary weighting of chariotore*'to arrange' into tarn
' Microbial. taxonomy ha e * in the'past* relied heavily'upon morpho- .-
- logical charaetera to define groups at oil levels# Brobably -the'.
' earliest attempt 'to classify bacteria, m s ’that of Cohn'. (18?2)'- who ■ 
rccogai^ cd ©ever&1 genera based on morphology# •: Borgonsinl (l8?9) "
-ttoed’ pigaeataiion - to subdivide: Cohn1©' gsnora# •' In 1909* tela-tf caeca ■ 
'''-produced' & dasoifioation:in'which most of the genera wore'defined-on .'•. 
■ Mochesieal -etoraetersf..-altbough -the- highest 'tntkn'mvo based-on-• \
. morpholep#- £r®vot- (1933) wen went no far an; to claim that rsorpho*- ■ ■ 
logical. characters defined--genera®: physiological, characters species* 
'.-and ©occndary physiological -. characters and' serological characters ; 
distinguished varieties within-a species, -This principle of .Provot - 
-^ undoubtedly continues;-'to'foim. the basis® admitted or otherwise* of.',
.several -textbooks' on determinative bacteriology 'and'- has n considerable ' 
influence m  the current taxonomy of yeasts# but mny - bacteriologists
- find it hard;ib -accept'., that evolution*, which alone is' responsible • for •.; 
the''divergent'' dcvelopmont -of natural groups of living tilings® should 
operate, only "on certain classes of .phenotypic.-.characters at. specified :. 
taxonomic ranks*"'. ;. -"•
. If Frevot’e principle m m  generally -valid* then constructing. 
a -’natural’ classification would not bo-a difficult task# Unfor- ■ 
timately it in nets in practice'physloiogioaX'and morphological 
characters? arc found to serrate both species and genera® and only 
rarely do the character© which ©©parat© the specie© of one genu© do ' 
so tot' the' next* -.The difficulty ie to dooldo which pl^lcleglcai 
characters .and which .morpboiegleal character© era those obeying the 
■ rule* '!•©« which am ’significant’* and which-are' the exceptions* 
Privet’s type of classification is representative of all artificial 
or. ©ligoihetl© classifications and 'Buffer©' fro© their ocasm faults® 
including the inability to deal with atypical or aberrant ©tmiis© 
without' doing violenes to -the system® and a depm&cnce m  bias of '■ 
the operator* The literature contains many reports of abomani'micro- 
organisms which defy such simple criteria and cay put taxonomists to . 
confusion® Such forms include the'-motile and catalasa-pocitivo - . . 
lactobacilll (Earrleon and -Hansen* 1950$ Snore end Sharpe® 1956$ and. 
Vafeml® 195?)# PBlicia-formtmling strains of Shigella mmol 
(Seamy*'1959)» a lactose-fomenting strain of Salmonella typhi 
' { Hofmann® Kimcmlim andEflllor® i960)* and a sucrose-fomenting 
strain of -S«poona (Mgon and Curtis®: I960)* '
. Furthermore* in classifications based on such principles the 
.arrangement of the 'individual strains into species and. higher tarn 
is quite often still a matter of personal proforonco* For example® 
the organism net# kmxm as Bordetella hgonohiseptiea has been placed - 
’ in its present genus by those who regard .Its serological affinity with 
Bordetella' nortussis as of overriding importance! these .who ted® -mm*m*n\,wMi*i!*wiaw!iri|*»t»*» <ferwrw»nji<»•*•mTM«rew*»P«* . w-'r * •' .
previously® assigned it to the .genus Brucella did m  because they'
boliovod that its inability to produce a©id fro© carbohydrate substrates 
was the significant property# ,
•Such classifications* therefore® oatmot.be stable# It is sow. •./•-.
- widely -reoogo&ced that o«ly ’artificial’ .groups ©an be oonstraoted' oa
■ the lilies propounded by Cohn* OrlaHarcason* Prmrct and. others* • •:
■’ ' Siho©® at any rate® cm the basis of the present state of know- 
. ledge® ©no mrnot decide a priori which features of bacteria arc -good 
. - glides to phylogany end which are not® it would be only unfair to ' ’
- ©oasita? ono character more important' than the other#' It bocosoo clear*
■ then*- that at the moment the:best possible approach to ©'.better under­
standing of the ••natural relationships of bacteria' would be one in' ■ 
which equal value m m  awarded to every available, character® ’ Thus there 
, would ■bo m . confl lot between morphological * physiological or aero- 
logical -criteria -because .all kinds 'of -features' would contribute to ' 
'the'-ostabliohmeat:of tasn#
-.The-first proponent of natural classification of this kind was a 
-probably Michel Adanson (1727-1805)* a French naturalist- of Scottish . -. 
descant#-.. In his work on molluscs■ (Adanson* 1757),h© outlined'a now 
method of classification which was later (Adaaeon* -1763) developed, 
and presented in detail' in Ms'famous botanical textbook* as 3ha - 
nb'ihode aaturelXo’,■ The'cardinal principle of the method was that 
creature© ishot&d. -be. grouped together on the "’greatest number, of features 
in -coanon* ..and that there' mo no justification for deciding a priori - :
■ on the' relative Importance .of characters in making a'natural taxonomy#
.This was of course © direct argument for equal weighting of characters
(Ssmik® 1952)#' Adamson.-mis ©ware' that-on© could not choose.diegnostic*, 
characters of gsnera while they were incompletely known* cinco new
■ BTmim might ' p w  to be exceptional* -a point also realised by Litmacus 
(j&kul and Sheath# 1963)©'' A^anson1© '.method® though excellent in theory* 
.ms a failure'in-'practicb®'and. one .might well asfe.wby*. Steam (1951) ' 
thouglit tint the material available In Adanson’a 'tlms was too limited 
to allor' of eueceeBf and Scteal and Saeaifa (1963) further added'that 
moh methods were quit©T. impact doable before the advent of'. computing 
machine©#.' .'. V '
':..Sneath (195? realised the value .of Atos©a#©‘ impartial• approach7 .
and was first to apply this method to bacteria An a study of; the genus ■ 
Chgoiaohaoterium* Th©'resulting system m g  designated' ’Adaneonian;. 
classification® and rooted on the following five.principles’ (Sakai and '
■ meath® :1963® modified from' Sheath* 1958)s \
/. ( 1 ) The ideal taxoiioaay is '.-that' In which the tarn have the greatest' 
content of infosmtion and. which is 'based on as many characters as . ■ 
possible© ;
(2). A priori* ©vary cferaetor'la'of equal 'weigit'.An creating'natural 
tarn© ;■ ' ■ '
(3) ; Overall' similarity' (or affinity) between any -im. mtiiim in a 
. function of the -similarity, of the many characters” in which: they .©re 
,h@ing compared#"
(4) Bietiaot' tam. can he constructed hecauso of divers© character ,
correlations' in the groups 'under' study# ■
(5) faxoaomy as conceived by us Is therefore a strictly esplrAeal'science# 
'■(6) "' Affinity is estlmted independently of phylogenetic' considerations#
: Bneatlx-{1957 b)-.analysed the remits of hie' Ohrteteotertos study ■- 
■.with'the aid. of a digital electronic Compute® and thus added another • . ■ 
dteonolon to -. the study'of tectorial taxonomy*. ■: This, appeaeh oassa to '
: /.te. called -’numericaI taxonomy1#,' Betel and/Sneath;(1953)''later defined'• ■
. nximniml- ta^ noiay m  .’*#*«»# the numerical evaluation'-of the/.affinity- ,- 
or ,stellarity/'tetw©6n ta^nomio . imltc'and the ordering of -these-units .' -
'into tarn :ofi'the teals of;'their affinities1*. They farther addod -ttet/■ 
the . tom might include the tewing of phylogenetic. ■Auforencos tern .
./. the 'data'by statistical m  otter mitesmttaX Jtetete ta tte: extent.
■ to which this .should j*we.-possible and that them motfeoio would ' .
'; .alocst • always involve the -conversion' of information -about taxonomic 
entities'into numerical quantities#-: ■ . . ". .
■ Hotablo reviews m  numerical. tzxmma? of teetela include those ■'. 
of..Sn@ath (X95S)# Cowan (1959)# Silvestri'(i960)* ..Brishano 'and'-Bovira,'
' (3,961,)® and. ..Hcodg&te. (1962 a* b)$ ' thoc© have been summarised by
;./ Following .Snoath’s' first attempt * Baeath and Comn. (1958) studied 
the olsnsifioatiOB of a .wide-'variety of organism©'•hol^ iglng to. different 
' orders.; m  the basis of their overall similarity® using. existing' rsoorde. / ;■ 
;Altbbttgh" they realised’ that the data used, wore not ideal - for tte panose* 
the remiXi© obtained were In general aaticfaotory and interacting®
; The -bulk of the 'tefa^ pobitive' tecteria. (not Bacillus jand a few. otters) 
'/formed' a-ptenatiO group of Mgteank® group 1® which comprised ihs. 
/streptooooei* fsioroooeoif.'&crooooci* staphylboooci and also . 
.(hxryttebaflteriuB pmmnen® Kgyglpoiothrlx and Listeria*..- Croup 2 m n  ' 
£omo$.'minl$of fe$«egative'rods and...was.divided Into fi m 'mhgsmpm '
■. Corynoteotorinm diphiterlao formed a grail group® group 3* The aoid- ;.
fast organisms llooarflla and Mycobacterium formed group 4 ® together with ■ 
leasenia (the latter Is considered by Gordon and Mite® 1961# to be a 
strain of Mycobacterium rho&oofarous) and represent the A ctinouycotalese
The relations of Spirillum (group 5)# Corynotecterlun .diphtheriao,,
(group 3)*• StreptohacAlltta and' Kurtbia were uncertain sine© they were 
not closely similar to any other bacteria studied# The three main 
••'groups# the Qmm^poBifivo cocci# .mi® and the Aotinomvootaloo
appear to h© reasonably imtuml ones# fwo findings of this' study are 
of special interest# The first in that Coryasbaot orlum pyogenes# ’which 
' me reported by Cummins and Harris (1956) to bo very similar to the ■ 
streptococci# fell with the streptococci Into group 1 and not into 
group 3 foraed by Oorynobacterittm diphtheria©# The second is the 
'inclusion of Pasteuroila' postls and Vibrio oheleraoaeiailcae amongst 
the onterobacterla group (subgroup 2a) together with Salmonella#
Klebsiella# Escherichia and Serratia* The relationship between 
Basteurolla nestle and the SMeroteotoriaomo has also bees established 
by aslih and Bum o m  (1952) m  the basis , of phage' sensitivity*, Smith _ 
and; f tel '(1965)# on the basis-of a computer study® agreed that the ■ 
species formerly designated Basteurolla' psea&otiiberouloelg * Bast* pootis 
and ’Bast#. X* have uo place within the genus. B&stcurolia* and should -*K*>:i*iui ^wjhuw *■ i»wiwinilw#uij<|i"ai*Ti#igieal.#ta>ia^r
form' the ^nua'fersinia# According to Colwell and Liston (1951 b)®*» iwwwhi awi .imun wl.wiiii'1 i.’jm t» w  r  #r
Vibrio, is a heterogeneous & m m  mi, its affinities are still obscure# 
BocontlyMoffett.and Colwell (i960)* while carrying out Actanacmlan . •  
analysis of the family KMsobiaceae# included some members of the 
Bntcrobaoteriao^e in the study and found that they formed two clusters 
listed via Vibrio choleras and Serratia gBPcecocns# They further 
suggested that' the gemio Vibrio might bettor by placed lit the family 
Eaterotecboriaeeae#
Since the pilot studios of Sneaih (195? ■ b) ® and Sneath and Govan 
(1958) 'tmmonn other successful attempts have been made to classify 
a wide .rang© ;of bacteria -by A&aasordan'methods* fhey include .studies" 
ell B0tinosiyaetee .:(011aMi ©t al* .1960$ 1E11 et al« 19611 Silveatri ' ; 
ot at* 1962$.. Melville® 1965) § &ycohacteriga-lBolalil and Gerlm* X951f / 
Carbon and Bojslll* 1951)* Pseudomonas- and lanttemonae (Colwell "and 
listen® 1961® a*©)* Lactobacillus (Cheeseman and Berridge® 1959)#-\ 
Hlcrbcocottg (fiill® 19I9I ■ Bobja® 19501 Pohja and Qyllonborg# 1962)® 
Msvoteoteritim (HtopSgvt;© ©»d Btyog* 1963)® Faoimirella (Talbot "and 
Sneath® 1950$ , Smith and Thai* 19651 Hussaini*. 1956)# Streptococcus 
. (Colmn* 196S)f Cogsnobacterittm pgogs&es (Bobertn* I96B) and'the ' - 
Bhisoteaoeae. (lleffett' and' Colwell 9 1968)*
Humeridal taxonomic methods -ofclassification'have also boon .
: mccessfully used with other groups of mlcro-or^ nitsma ouch as fungi 
(Ibrahim and • Throlfall * .1966) and animal viruses (Andrews© and Saeathf *. - 
-19501 - Saeathg 1962)* ■ ;
It is' Impressive-to note the number'of taroaossints#. working ; 
independently. An. various -biological fields® who bay© successfully •- - -
employed these: methods in th© lust t m  years# In Ecology®' numerical 
taxonomy tea baea applied to the baring sponge genus 01Iona '(Little* " 
.1963)# to bets ■■(Miehsnes? .and Sokal# .1957$ Soles! and Hiehoner#-19501- 
Sfl&al* .19581 'Bohlf and Sokal® 1952® 1965)® to butterflies Eaphyfeas' 
species (Bhrliohf 1961-)# and to the mosquito: genus Aedes (Bohlf# 1962)*'
. In botany*; this method has been employed for rice ?•-Qfesa species by ■ 
Mofiebima and CSca' (i960)* and .io.mniOQ plants by.-Bogpra and fanisoto 
(I960)*'' -numerical taxonomic method© have also- been used In palaeontology 
with-fossil fish - (Sneath® 1901) though only m  m  illustrative example*
Aims and scope of the present work
Ifectar feeding insects- were -chosen for study .partly because of the ..ease :
•in'obtaining ©peciisehB? but more-importantf because of the-paucity of ;infor-.-:
' Nation' concerning the • bacterial- norml • flora. of .-these insects, ulihou$* a •- 
. considerable amount- of mute, has been reported on - .th©-bacteria associated with ; - 
■ disease in.'the' honey.bee and.-is-.reviewed -by -Stoinhaue (1949)* Holiapel- and Angus 
(2963)* Bucher (2953)* >nd;Tamda (2963)®' 'Bacterial, epscios isolated-by White ;; 
(1905) fro© healthy honey bees included eBacterim oyaneus* (presumably 
• Pseudomonas aGrufetnosa) , JBacterluta mycoiflog1 (Bacillus taycoldes), * Bacillus 
subgastrlcus* 9 Bacillus cloacae* (Aerobacter cloacae) * * Pseudomonas fluorescsna 
liquQfaciens* .(presumably Pseudomonas .flnoresoenfl)» ■and isolates '-termed' i5acte^ 
riua P*9 *Bacillus A* andy Micrococcus 0y which were probably not further 
identified. Bailey (1957b) studied the cultural characteristics of .Strepto­
coccus pluton (Bacillus pluton VMto)and yBadter£iEa eurydioo* White (Ackromo- 
bacter eurydloe» Bergey*© Manual 9 2957)* both of which are known to be associate 
with European foulbrood disease of the larval honey-bo©* The presence of *Baet« 
eurydice8 in apparently healthy bees has been reported by Burri (294?) * Bubler 
'.'(2954). sad Bailey (2963)® As far as could be ascertained, the normal flora - 
of other nectar feeding insect© -have .not been reported® Bumble bees? mining ; 
■boos and hover flies, all- of; which wore easily obtainable* were chosen as the 
-subject' for study®
The principal objects of the work to be described were as followss 
1# To isolate as ©any strains as possible of external and internal bacteria ani 
■yeasts from such nectar feeding insects as proved available* and to gain some 
idea of .the frequency with'which the major groups occurred* . In the event, the 
nectar feeding insects which were included comprised the bumble bee (Boabus 
Ilf .) 9 mining bee ■(Balictus. fgaeathe&nellus) * and hover fly (Syrphuo opp.s 
Platyohirus albimnus* Melanostoma ecalare)*
2® To study th© bacterial. isolates - further*' employing as wide a rang© of 
character© as possible, including their morphological* colonial* cultural, 
biochemical, serological* pathogenic andother .feature**"
3. ' To group-th© strain©,’-on the'basis of the results obtained, according to 
Adanoonl&n principles of biological taxonomy, using an electronic computer® ■ :
4* To attempt to identify, as far. as possible, the’groups obtained, by carrying 
out a detailed exaaiimtion of one or. two .strains from each' group, using as 
type strains tthose which wore statistically ..the median, ones in their numerical . 
■affihiti©%-
5* To .study in detail; two or three'of the more' interesting forms obtained, by 
isolating a representative collection of strains and carrying out fuller exa­
mination of every strain included® It go happened that the two of the three • 
groups of organisms chosen ao being of special interest were derived exclusively 
' from'bumble -bees, and for. this reason, it was decided'.to concentrate on this 
hoot spc 4 ~ Tor tb.o:remainder of the'work* / .- ,
6*:"' To'sake what, further.' observation©''might be possible on the distribution of 
the \ 3' bacterial groups'within the different host speoies and if possible
•thoit location -'Within the tissues and organs of;their appropriate host® . .
’ . •; Throe'. types of work were thus involved in the present study? •
(a) ;. survey, work involving isolation,^purification, maintenance, and 
'.preservation 'of bacterial strains' from, Individuals of the different-insect:
■“ species, - (b) investigation© !of chaxaoteristics- of the, strains, and (c) -j.
classification, of these ©trains -by AdansonSan methods, using'ah electronic ■ 
computer* for reasons which will-, shortly be given, work in the latter stages - ox ■ 
the: .study whs - concentrated on t Chr omob actor lira typhif lavusf ana ; Eac t erlum
nmimxB ~m> m m m
ishmmxs m m  msmrm
' Specimen©. .mpmxmmmm Mtn/m wmunw im
&*860tB ■
Baring ^ TuXy and August l$$Ss apparently >oalt&y individual© of humble 
ftooop mining bBoa$ M m v  flleo and a single specimen mob of: the house M y  
and the M o w  My$ collected from .Baitemm and Went Bsmpsfead nmam of 
London* wore ©samiaed tm the isolation of bacteria and yuasts*
■ Flomm on which thee© insects {esfiiopt the house M y  and th© Mow fly) 
m m  topped included, the blackberry (Rahns tmiiQomp)§ omsrn hmp~ 
nettle (dsleopsls tetohlt)# Dahlia' • caltivare & lliohaelme daisy (S^tgE 
epeeles)* nasturtium (gropaoolun m.1us)» noarlot runner bean .(Dhaseelue . 
fgultlflogus)* fstoaOrop (£edm species) * imnfiewep (Helianthus anauua) ' . 
and Veronica 'species* ■
Bach. insect. specimen ma mrefMly flight in a ©mil tsmsod polythene ■ 
bag* Moat of the nectar feeding iaceete (including the humble bee) xmm. 
tmppod by placing the -mouth of th© hag mar flcmta while the insects':' •
warn working on them#.
In' the tm'jcHPitarof cases the time between catching the' insect specimens 
and beginning the laboratory procedure for isolating micro«or{pinicno ranged 
from 5 to 24 hours# -Sometimes (especially whoa Insects woro collcoted on 
Saturdays* Sundays or holidays) epccimona had to bo stored in the refrigerator 
(4°C) for 24 to 72 hours before use#
Initially* 28.insect specimens (9 tab!© bees* 9 mining bees*
8 hover flies* X homo fly and X blow fly) were examined in order to 
obtain'some idea of the difficulties and problems involved and to decide 
which Mcro^rgmisms to concentrate on .In later. work* and this study* •
. during which 136 Isolates of bacteria and yeasts m m  collected* .-will.:be ,/ 
referred"'to hereafter as the. General Survey* One house fly and one blow 
fly m m  Included .la the General Survey as .a matter of interest#/
oh' the basis, of. the experience pined through this General Survey* 
a decision m e  made to 'ermine only"bumble bees for. the .isolation of ': 
certain' groups' of bacterid'. which appeared to be of interest (See page 37) 
’ • BbrtyCone - apparently normal. bumble, bees (Boabiao & m m m  and 3* terrestrle) 
collected'from areas of -Surrey* London* Wiltshire and lent were ©mmincd 
during #uly to September 1967$ in order to -determine the incidence gf-. 
of those groups and. to, collect further strains for study# This second, 
study, which; included 41: boos* together with 13 specimens of. flowers on - 
which' they, had been feeding* will be designated the Special ‘Survey* 
Initially three geoups.mm., selected for 'this' survey* • ...these war© =.'
. (a) :•: ohltittolytic. organisms* (b) ormnim® resmblim Chroraobaeterinm 
typhiflaviga ’ and (e) . GTgxnlmB resembling bacterium' eurydloe# • ^ Attempts' 
to’ isolate. chitlnolytic organisms 'from the first 14' insect; specimens. 
failed-and .'subsequent'. wcnk was concentrated on the ‘Chroaobaetorium ■
■ typhifflavunf and Xhioterlum ’ ourydice* groups* . ■
" ,$be: insect species used in the .General Survey’are listed below?
the first two species named are those which were ' selected • for; the •
..Special--'-Survey* • / ■  '
1# . Baahus .agrorum ; g ) The bmff-tailed bumble.-^ boo belonging /g
) ' to: the family ■ Apidao’ of- the order."; ,
2* ■ " B* terrostris . ) Ryaenoptora#
3*
4®
6*
7*
8*
9®
10*
n*
.. iTo attempt m e  laudato determine the sox of insect epecdmene need# •
Flowers
' ’ During.August to October 1957* concurrent with the Special Survey*’' 
13 flowors* os which table bees had bees either trapped or found. wojklag*
( y
m m  examined for the isolation of Chgcmobaoterlum typhlflavum and ,
t y
Bacterium oarydice-like ©rpnims* These flowers included Dahlia. 
mlilmm (2 specimens)* Michaelmas daisy Aster species (2 specimens)#’ ■ • • . wj^vniwiwana.xitf ■* * , . r *
nasturtium ffropaedugi Esa.jua (5 specimens)* scarlet mumer tea Fhaosolno 
aultiflorag (l specimen)g.etoneorop Se&um speolos (1 specimen)'sad . . 
Veronica species (2 specimens). - Flower cpocimono were collected in unused 
polythene tege* ■ The laboratory procedure for isolating bacteria .from 
these flowers ms  always started within 24 hours of collecting - them# •’•
Hansyooab 
Isolations were also md© from a freshly«*piirohae©d honeycomb (with, 
honey)* ' The honeycomb, was so packed $b&t contamination from, out side 
between the. time of packing and opening the packago m s  unlikely#
IMloius emsattenelliis (the mining ha©)' belonging to the family
,■ ■ Balietida©' of the order
mta&a corolla©
So auricollls imr# meulicomis
one tnidontifiod By 
PlatyohirUB alMmaims 
Helonosto&n scalar©
speoies Hover files belonging to the 
family Sygphldae of the order 
Biwtsm,
Musca domostiea (the house fly)’ belonging to the: family Ifuscidae 
. . of the-order Biptera .
»vaialthrix (the blow fly) belonging to the. family 
Calliphoridae of the order Biptera.
Standard cultures
The '•following* two;-standard • cultures were used during .work arising -.
.from the -Special-.Survey.' \ / d/; -
1 Chrcmohacter iuza typhiflavum* (MOTG Ho. - 9581). obtained from the 
National Collection of Type- Cultures* Central Public: i&alth laboratory* 
Colxndale:-
( isolated frora honey bee )
i  . m t irt# n r u m - p * - * * *  *  *. t  * # *  » * - —
Bxperimehtal, Station, iiarpenden* Hertfordshire,. England. . -.
Isolations from .insects* 
- flowers and hoaeygwab
Media used its Isolation
■ i* Brain heart Infusion, 
11* • Chit in mier msdiuae.
ill® Chitii
te>id .codo. m > :m  -22$ . .
3*%* pure oliitin m s  csusposdeBd in
■ 1 litre'distilled water* Purification 
of the crude chit in and estimation of
■ its • concentration ms made by the ■ 
method of Itia^ appa ..and. X»ockwaod (IpSl)* 
The medium ®s  sterilised by ante- ,: 
clavlng for 1$ minutes at' 121°C and 
m e  thoroughly .rated before tubing# ■
medium* 20ml* of the'sterile bhitln nator v
medium m s  sceptically added to 100ml# 
of eterile peptone m t e r  medium. •
(O^ oid Code lo# dip)' .and thoroughly ■ 
raised before tubing# ■
iv* ' Chttln/ffluooso/salts 'liquid
GlOdilKSe
W-’ Cooked coat* '
vi* ■ •CSLucoso/nicotinic ■ acid/
■" salts ■ liquid medium#.
10ml* of the sterile obit in .water medium 
teg sceptically added to HXtedU of 
sterile glucose/salts liquid medium 
(Medium 2 of'Stanler* Boudoroff and V 
Adolbergf 1966)# These.wore thoroughly 
rated before tubing# 
told Code Ho#' CM 82
Meditrs 3 of Starrierj? Boudoroff and ' 
Adolborg (1966)# .
The. honey'Kao Gale’s Pure Set brand*
Distilled' mter'.lOOEal# '•;
above t&xture m e  adjusted'to -
pH 6*6/' and autoclaved for 15 minutes' . . 
at U6°C.
0:»iii Codo Ko. CU3 
' 7' per' oont* of sterile dofibrinated
goat’s Mood was added to sterilised , 
Mood agar base no© 2 (Oxoid Code 
Ho. CM 271) cooled to 45°C - 50°C.
Tbo medium was raided with gentle 
rotation befo m  -pouring into plates* ,
10 per east, of eieriXe ®oatfe Mood -m® 
added 'to sterilised ©ImreoaX a g a r . 
medium (O xoM Cede Ho* CM-1X9)*' :%h® 
mixture © i  h m  tod, to 95°G to ohoeol&to ; 
the bloody and m e thorougMy mixed 
before pouring into platen© 
llutrient agar (Oxoid Code Ho* CS3) 2*8g* 
Chitln’water medium 100ml© 
flho medium nag sterilised by autoclaving 
for 15 minutes at 12lo0 -and m e  
thoroughly mixed before pouring into 
platen*
t.[alt extract (OxoXd Godo 1*395 X
Yeast extmei (Mfoo) 0*3g*.
The mod to of. Bailey (l953)t using 
(hlo9s Pure Set honey* mo used. This 
m s  later slightly modified by .re­
placing 2 per cent# aga? (Davis Standard) 
of • Gxoid dehydrated. 
nith 2«8 per cent ^nutrient agir
(0s>ld.Codo--iror;GEI3)«
taold Cod© Ho* OM 59' '
M t  extract agar (Oxoid Code. o u CL. 59)
5»0g.
Bbaoy (Galo'e Ptfro. Set brand) SO»Oj;« 
least otteact (Blfco) 0.3g.
Msillled mter 10£tei®
The above mixture tag adjusted to pH 6*6 
and'autoolaved for. 15 minutes at H6'J.C* 
O w U  'Code/fto# m  221
Bretreatent of insoot speelmono* ,
..!» Stoning* '. Of insect■ . specimen#39 still alive before .
starting the l&bemtery prooete© for ■ isolating aioro-or§anl®ned Xn 
the early stages'of . the nest: 16 of 'the live specimens m m  made un­
conscious- (although a fen tiled during the process) with chloroform ' 
but later the laboratory supply of coal-gas m e  used* This could he •. 
; ■ conveniently applied by putting the nossie of the gas tap- into the :
' • polythene bag containing the insect and turning ca the gas* Ac soon 
as .the insect became unconscious - (within a few seconds) the gas tap 
ms turned off and the insect tooled from the hag* These processes •
■ wore necessary since it ms  difficult to handle, live specimens after 
. they-frore-opt of polythoao bags uithout' increasing the chance of 
contamination*
v*
vi« Halt' ©nimot, agar*i*MtawawMrwiiWi^a»*
vil* Malt Honey agir®
viii*
.Isolation ieebaiouQ*
lie- 'Decapitation* -With the first 12. insects# cultures of the 'external 
and internal flora %m m  mtio from the whole body ef the -insect* Later 
It me decided to'isolate micro-organisms' separately from the head 
and.body (or- alimentary tract)* -Hence the heads■ of'the -5? regaining 
: 'insects m m  cut off sceptically before starting the next laboratory 
''''procedure* Decapitation mao carried out immediately after stunning*
111* -: fashing* During .the .taeral Survey - insects5 external flora were :
; isolated by either, .washing, the head and body of each specimen separately 
"or'the whole insect* In the case of the first 12 specimens# the whole 
;• insoot body was.aeeptleally immersed in .gad* b m i a  heart infusion
■ ©editass contained. in :'u 1 os* HcCfertney screw .capped bottle and was • 
shaken -for,'g minutes at approximately 700 oscillations per minute using 
a flask shaker*#' The spooimen me  then transferred to another similar 
bottle with ik© mm& amount of brain heart infusion medium* After
- shaking-gently by hand for'-a few seconds#'' the specimen was asoptieally 
:■ transferred- to. a. previously sterilised Criffith’e tube containing a
■ ©nail amount of sand' and' 0*25 ml*- brain heart infusion medium for 
-grinding* • .'The limiid'in the first screw capped bottle was designated 
first washing end; that in the second bottle# second washing* - Both
■ mehingB were incubated aerobically at 30°g for' 2-f days (depending
: on .the rate.at which growth appeared) before inoculation on to suitable 
' solid media* - At.the same time smears of these liquid-broth cultures 
were, stained :by Oram9s 'method* .
.-.■ Later on# during the' General Survey m*k$ the-decision' was made
' to': isolate external flora from the head and body separately* The;
. head and body, of each specimen* after decapitation# m m  therefore 
separately washed# both washings being separately incubated in the
same way as for th© whole insect*
# Oriffin & George Ltd*
- ■ The ,tiias mA rate 'used for shaking the specimen was- carefully 
determined m  -the basis of.the results of preliminary experiisentefi L;.
■It was realised that shaking for a long i&m® (say more than -10 miftatea)
■ at a .high cause extrusion cither ©f gat' contents f:\a-i the 
body: or of tecmcXympfc -from the out head of'body# 'in which' cane the
•' cultures' obtained would include not only ibo external flora: but ■ . /• 
Internal flora as well* Oa the' other tend* curtailed or Insufficiently 
vigorous eteking might not he enough to data oh the' majority of the ...
■ external''©icro-or^niMs from the bodysm’f&af*-'.'Preliminary experi-7 -: 
meats abound1 -that, only very t m  organisms wore obtained when-twice- •*
■ wash©A 'insects were'1 subjected to' further washing*'
In the m m  of bumble tees and-the single specimen. of the.blow • -.
.■fly# the ted. only .was wasted* ' This was b m m m  the alimentary tract '. 
of - these. Insecta..waa. removed and used for the isolation of the 
. internal flora* Ho. examination was mad© of washings of the bumble -
tee'heads:-in the'Special ''Survey* ■ ■ " ,:
iv* •Eomoval of the alimentary' tractI In the caso of the bumble tee - 
': and the blow fly# the alimentary tract wae. reeved* : A11 instruments ■ 
need were sterilised by '.flaming® After out ting off the head# the ;
. body m p  placed in a- sterile Detrl dish and' the alimentary tract-'; 
'dram/out' intact by pulling the end of the abdomen Very' slowly and ; 
,..oa£afiiUy with fine sterile forceps# The end portion of the all- . 
mentary tract carrying the last abdominal segment was cut -away _with ■' 
sterile 'scissors and discarded* The reminder .’'was' -'tensferred to a/
' CMffittes tute' containing a emll amount of sand and 0*25ml#'...brain. ■■
: heart Infusion broth* fte. whole operation of removal-of the
alimentary .tract mo carried out near tho flame and with a minimum 
of air movement in order to avoid contamination from outside*
v* ■■Grinding* . The alimentary tract or the washed head* body or. ’
■ whole insect m m  separately triturated in sterile Griffith1 s tubes ■ 
with sand end tein' tert . Infusion*..
The.11 'specimens of. flower (without flower stalk and sepals) : 
used in the Special Survey* m m  triturated in the- 'same m y  ee the .
.insect'specimens* ,
vi* Staining Smears of all washing® and grindings made in the 
. General Survey war© stained by Gram1® method and examined in order. 
to gain somo idea of the typos of micro-organisms ja?®sent on the •
. surface and In the tissues of the insects "studied* '
Culture methods used in the General survey*
II External flora* • The brain heart infusion' washings (head# body ■
, .or whole insect) were Incubated aerobically for-2-? days, at 30°G*
--'Oao loopful of each culture'showing growth m e  used to streak a 
plate of solid mediums' nutrient agar was used for. the first 11 of 
'the 28 specimeasi. this was subSQtuontly replaced fey blood agar*
The pistes were incubated .aerobically at 3G°0 for 1- 6 . days depending
..on the fate at which growth appcnrodtlrinnxy' ’cultures were' isa&e ■ in’ broth- ratbr
. erj.than on plates because preliminary study showed that .inoculation, of. 
washings...onto. solid media produced no colonies.
• life ■ Internal flora* A corieo of loopfuls .of each grinding' (th©'
alimentary tract or the washed ted# - body or whole insoot) m o  
used to inoculate tubes of 5 different liquid media and plates of - 
? solid media# These media for which the formulae have already boon
Liquid'media*nip i*ir Wrtfi
" 1* ■' Brain heart'.infusion ■
.' 2* Cooked meat tse&itra .
' '• (Eueosc/nicotinlc meid/saXie liquid medium ■• ■
4*- broth ■; , ; ■ i; . ■ . ;
' -5*'. . Halt .honey broth •■'v ■
Solid media#.
■'Hutrient-'agpi? ’ ■ :/7-;
.2*- Blood&fprv- 
3i- Oteosal ■ oteeolate agar
■4» •.' Honey&’gap''' : ' ■ ■ ■' . .' "" : '
5* ' extract'agar ;-
•6* Malt hoaoy agar: ■
. ' . ? • ■ •  ,'Bogoga agar ; _ ■
'• .■• The'cultures-m m  incubated at 30°C-for 1-9 days*- O m ■ loopful 
.- ftaf each-iuV o** -liquid -.'medium' obpKlng growth was used to streak,/, 
plates of Guitablc solid.media - (fig* 1) which .were incubated' aero—  
teeaXXy (except one lube stated with cooked meat 'culture) at 30°0 . 
.-for 2*8 •days:.depending m  the growth-rate .of the orginiams!:; •“
•.'• .f Co<feed meat medium-before Inooul&iion* ■ was belled'io remove-' ■ 
dissolved oxygon# cooled and covered with oteilo liquid: para if in' 
-:.to. maintain, anaerobic • conditions* In the early stages of the , •
: -General •-Survey the - pistes of nutrient agar# blood, agar and. malt'.
■ -temy • aip!?f nffeer being inoculated with a loopful of finding* 
-:..fero Incubated-'both aerobically and.anaerobically, (using hydrogen 
m®) but later they, were incubated only ;acrobicallyi: Eogpsa agar
p l a t e s  ■ m m  a l w a y s  i n c u b a t e d  b a t h  a e r o b i c a l l y  a n d  in a n  a i a o s p h s r o  ;
' c o n t a i n i n g '  99 p e r  e o h t *  o f  - l \ y d r o g3a  a n d  J  poj? e e ai*-’. o f  ..carbon 
d i o x i d e #  .:. H a t © s  .©f'.-ofercoal ;c h o c o l a t e  a g a r #  h o n e y  a^r and -malt. 
v e x t e n t  ' a g a r  w e r e  ' . i n c u b a t e d  a e r o b i c a l l y  o n l y *  7-
A f t e r  X n m i b a A l o n  a - r o p ^ s s e n t a t i v o #  w o l l - i s o l a t o d  ' c o l o n y . o f  ■ 
os oh t y p o  wasombonltureaonto a similar' raedium# purified, if
■ ; - n e c e s s a r y #  . a n d  . R e s e r v e d - f o r  - m t e t u e a t ' © s a t a i m ' t i o n #  ~
•. -.'lit* ■.';' Steoogfllh# o f  i s o l a t i o n s #  A  . s a m p l e  ( S a m p l e  n o *  1) o f . t h e
p r i n t e d  f o R a  u s e d  - f o r  / . r e c o r d i n g  i s o l a t i o n s  h a s  b e e n  a f f i x e d : on - t h e . ;
' f o l l o w i n g  pago*;; ■';/-.-7:;-':U ;■.'. 7 ' . • ., '
C u l t u r e  m e t h o d s ,  used'.'in t h e  S o e o i s l . S u r v e y *
: i*' ■ Bumble bees..(Bofatbas species) * . Grindings, of. the alimentary ..tract
;. a n d  w a s h e d  h e a d  .of.e a c h -  e p e o i m o n  w o r e  i n o c u l a t e d s e p a r a t e l y  i n t o -., 
h o n e y  '-broth .and .onto . h o n e y  a $ i r , u s i n g  © a © . l o o p f u l  © f  t h e  ' i n o c u l u m  ■ ■■' ■ 
-in.'each:case*'.-'/Cultures o f t h e  first- 4 e p ' c s i & u m e  w e r e ' i n c u b a t e d -  
.; . ' a e r o b i c a l l y  at. 30° C * / I t s s b ' - t h e n . f o u n d  t h a t  a  t e m p e r a t u r e  o f  25°0 .- 
. . . 'ms - o p t i m a l  .for''the: s p c e i a i  groups of . o r g m i s m o  b e i n g  s t u d i e d #  m .
'"' a l l ■ s u b s s c p e n t  i s o l a t i o n s '  m m  ■ i n c u b a t e d ' a t .  this' t e m p e r a t u r e *  "
'. C u l t u r e s  'mxto i n c u b a t e d  f o r  1-10 d a y s #  d e p e n d i n g  o n  t h e  r a t e . - a t ' v  
7 ^ d k i u h  g r o w t h  a p p e a r e d * ' .  O n e  l o o p f u l  f r o m  e a c h  t u b o  o f  h o n e y - b r o t h  
' s h o w i n g '  g r o w t h ' mn nivmkoA o n t o  a  h o n e y  a g a r  p l a t e  a n d  i n c u b a t e d  
7 a e r o b i c a l l y ' a t  t h e  c a m e ' t e m p e r a t u r e  - a s  t h e  t u b e  f r o m  w h i c h  t h e  
: J t o o t t & u a  m e  d e r i v e d *  T h e  i n c u b a t i o n  p e r i o d  i n s  2- T  d a y s  d e p e n d i n g  
m . t h e - . ' g r o w t h - r a t e  o f - t h e  o r g a n i s m s *
V- . ’ Sw Iq He* l» ■
Tho printed form used for recording isolations from isir-toof, mnQaimmm*
,||^ n* ,*»*1 aWBaateoig<*8<BW*rawHIM'il—wniwiw—*^i^imiro»»«r»iiiii*«iMnnai i.« i.if *lfr"n-"—.prnf •"" "ni 'Ti "il- t in - T n i fniMW ~~‘imi0 i-----1 >imn-iri i niin«niiriiw tw i« ifiPiWi iiniii«iir r --------r .r r. -r~ ~~
Environment
Env. Sample No.
Date Time
Weather
ISOLATES Incubation temps
Inoc- Liquid 
ulum s i m .
Days Gram
smear
Solid
m.
Days Colonies Strain
1st
wash
gnd
v/ash
Grind
" ’ *-r ' ;■ '
' v ■
Solid m. Days Colonies Strain
,
Extension sheet no: | j JES/2/8/66
. The first 14 iasoot' ©poeimene were also chained using 3 
different .ehttln liquid- madia and chttin .'agar' (fig* 2) employing 
the gam© iectoifitiee a© for honour media ©seept that'Moubatioti tsa© ■ 
©steaded'up to SI days#
11# Hewers# ■ A loopful of ground up flower me used to inoculate 
a tube of honey broth and to streak a plate of honey agar* Inoculated 
■ taboo and platen of honey media wore incubated aerobically at 25°C 
for 2H5 days# ' .One loopful from the tubes of honey broth showing 
’-; p^ owth wan ©tre-sked onto honey agir 'platen which were inoubatei 
aerobically at the same temperature' for SM* days*
ill. - Recording of isolations* The same printed'form (Sample no. 1) 
m e  used for recording isolations a©-that'used for the General Survey# v
Culture -methods used for the honey comb# . About £~3g« of honey coab colls 
(containing honey) m m . triturated in a etorile Griffith*© tube with a 
11 amount of mml and 2-3 tsl# sterile normal ©aline# Six sets of the 
.following ©cdia.m m  inoculated with a, series of single loopftd© from the 
ater© .grindings teln heart infusion broth? honey broth? blood &#r and 
honey, agar#. . One tube or plate of each-medium m n  Incubated aerobically 
at temperatures of 2jfop 30°C and 3?°0 and a similar set m n  incubated ; 
aimerobically at each ...-of the so temperatures#' Thro© bottles of - cocked ' •
■ meat medium were also inoculated' with single loopfuls of the grinding 
and ^incubated anaerobically at 25°G» 30°C and 3?°C#
. :■ One loopful from the tubes of the above liquid media (including ■
.cooked meat medium),showing growth'"was used to streak plates of blood 
agpr and honey agari these were incubated in the same way as the tubes
Crindinga
llatrieat agar
Blood-agir ;
Charcoal chocolate agar 
Saucy agar ,
Halt Extract agar ■ 
Malt honoy agar ,; .. . 
Bogosa &gar(9S/%« 
Brain t o r i  infusion 
•Cocked ©oat ©edit® -
OXucooo/nlcctiiiio acid/
,: salt® .liquid fBOdiUS
Honoy troth ■■ ■'— ■— —
Salt tasoy troth
—  H o o d  'agar 
ITUtriosatagar (anaerobic) 
Xitiir|gtii agar:
Salt exiraet agar •
Blood' agar ,
. Blood :agar ;
All cultures incutnted at 30°C
’lg* lotn mrifin i hwm>ww<wh»
>s in the General ■ Survey
.Crindln
iMtln agar 
Honey agar
Cbltin water m i i m ' . V : • ■ 
Chltlh/peptoiie mtor/iaodto:'',
Chitin/glucose/salts liquid m&im
Honey broth
Chit 111'
agar:...'
Honey 
.agar ■
r W  & '
Culture mhm® need for eani&lnation of frlndiags -fro©:
hasMe hoes’,in the .Spooial'Survey
fsm which 'the inoculum-ms teived* All - .tubes and plates employed 
in the inelation of bacteria from honey cc©b m m  incubated for 3-t 
' days* • colonies picked off* purified and presewed for' study* :
Selection of strain® M  the Spools!..Sagyey ........
■- Aft©r iiiontetion&. search wan mde for any. colonies resembling
i i 4 >
Chro$£t&ctesititm typhiflavu©-or Baetestea eurydioeu or producing 
©Mtinolysisi these ■au1>onltm*od onto mxitable madia * purified 
if n*ce mry* and peeaamred for m&s©<£U©at study* :
Maintenance and proasgyation" of cultures.
in-i»T> ii>*n.iiir» Tniin-.T-Ti-Mnim-ri'T .irt.Trr rrr ifi;fr»--t»iini[ri-|wrrTi>imnniiiwii*ifTTrii»iniiir>iiii«iiMnftn<»ii>r<iri¥t»wwiinii[WMiiiiii.w»i «iiir .
. ;t!oet cultures isolated in' the Gonoral Survey m m 'miBtainod* whilst 
under active laboratory study* m  nutrient agar and the remising few- ' 
on .blood agar*" Cultures m m '  subeulturod ©very week; and' plates m m  -
inciibated at 3Q°C hut later* after their optimum temperatures for , 
growth-wore determinedf' at' the. "different optimi© .tesperateoe of the 
■ organisms. etmoerned*';'.
' ' ■ Strains of the Cfaromotmotorlm typhlfXavnia group (including I1C1P0 
Ho* 9331) used in the'Spooial Survey m m  maintained on nutrient agar - 
medium* • Cultures. m m  euhcultured ©very week and plates wore incubated 
at 25°C which: was the optimum temperature'for the majority of strains*
t >
Strains of Bacterium cnrydico-Iiko organisms and -the standard culture 
of this‘species included -M.. the Special Surrey m m  .maintained on honey 
agar .plates*: fhese cultures were euboultured once or sometimes twice a 
m(k$ and war© incubated at.JS$°C which was optimal for the majority of ■ 
bacteria of this/group*
All cultures used in the .'General and Spools! Surveys m m  f m o m **. 
dried* and after a prolonged-period of laboratory study* dried ampoules 
wore opened and cultured to replace the old laboratory strains* For 
freese-drying* a suitable amount of a 24 heart' cultures m e  suspended in 
2 ml*, peptone water and dried In vacuo using Edwards*** model 5 PS* Serial 
Ho* 209 f,Spsodivaett Centrifugal frceso-dryer*
'■* Edward©0 High Vacuum Ltd** Susses*
Method© Used in charaot orinai ion of strains
Genera! ontg*
1* Bereafter the term Group' A will b© need -.to include. - all 
cOhpomobaeterium - typhi^avusnllko strain© isolated during .both General .and; 
Special ■ Surveys'.(see: page 194 -:).im& alco a standard culture of -thie ©pedes*.
!!CfO 9381* Similarly* the tern Group B will fee used to Include all 
• * Bacterium eurydtec«41!s© oxgmlmu. isolated during -both teerai ant Special .: 
Surveys (see page 247 ) as well as a known ©train of this species*
-2* • tfoless otherwise stated * the temperature, of incubation -for. the' • :..
;. clBracterieatlcn' of-.etraine isolated in the General Survey was 30°0® 'ami .for , 
strains of Groups A and B m s  2p°0® -
3* Media which vom used both for the Isolation and ekaracterisatiorr 
'• ■of bacteria were'prepared in the same my.
." 4®- Honey solution used during characterisation'was-always 25 per •
. cent* (w/v) honey (&!©fs Bure Set brand) acidified with 0*1 par cent* 
(v/v^PO^ end autoolaved for 1$ minutes at 116°C#
Morphological characteristics
dj^ a-stained preparations of the growth from 24*40 hour opiate cultures . 
. • wore':'omsim& under the microeoop© for' staining react!m p cell 'shape* 
principal cell arrangement $ cell also* ploosorphlea •and for the presence or: 
absence of spores* Oram-reaotion results were recorded in numbers ranging 
from 0*0 (GsamHuegntlvo) to 1*0 (Gram-positive) 9 esprooclng the degree of 
posltlveness*
£©ll else* ..Estimates of the length and dlataoier of organisms 
isolated in the General Survey were obtained by diroot measurement of 
& single cell whose ©is©, appeared to represent .that of the mjoriiy ofk 
©ells of a !»rtiouilaj? strain*, A. prevloueiy c|iiteted eye piece micro-
■ meter mB  used* .-■•
Ite stains of Groups A aiid 'B^  'the mil &im WM'measured, as
follow© using belts Wetslar .microscope*. • fh© scale ..of a ■ eta |ps micro- '
motor was projected cgito.&.'ncreen. (in -this case*-.a glean* whit©'mil) ’ 
using a projection bead* and the -dogr©© of Engnifimt%n calculated as 
fellows*
2 omli divisions of. the itage tsderomoier «* 95 ©su on .the screen*'
. %* 1 email'division of .the ©tags micrometer ® lG/« ■
/* 2 . 11 15 *S 15 . .; 11 * 20/&
' ■* 0 20/is « 95 ©2S* ms the screen*
-« ■ ■
•* - % m  «s 4*75 -fisa* -Oh the screen*
After 'deiormiaing.ih© magnification^  the image of the Qsnm-otained 
tectorial calls ms projected onto Urn mil and the length and diameter 
of 10 adjacent cells measured in bbu.« the initial coll being selected.at' 
random* fhc mean length and diameter of tbs 10 colls me  converted into 
microns by division by 4#?5«-
Pleomorphicsa* $h© degree of pleozaorpbisa in the case of strains 
isolated in the General Survey was assessed visually under the microscope 
and was recorded in numbers ranging from 0*0 (no pleomorphicm) to 1*0 
(highly pleomorphic) whereas in the caeo of Groups A and B this was recorded 
as — (scanty or none) or * (marked)*
Motility# .fhis ms  examined in hanging drop preparations of 2.8-24 
hoiml liquid cultures* Peptone waior ms used for strains isolated in the 
General Survey and. for Group A »" whereas honey broth; wao employed for the 
organisms of thwp-B*
Cultural characteristics* •
Hnoold colonies (Group A only)#- Growth from 5 day.plate cultures ms-' 
inoculated as - spots' (6-8 per plate) onto honey agar plates of %0 nun*' 
thickness which wore incubated* and ©mrained after 4 days#' Mucoid colonies 
•appeared as large*.low* moist* viscid; and slightly spreading with flowing
Giant .Colonies (organisms isolator! in the? General • Survey only)# Hutriost
    m-nv.-rfiHiirftrpr mffTniMHir rn iwiwrum-,rnntnn ii# r w i'-n—» ?#>u r n r  iiiniim iitrm nniwnr rWii«# #mi nmrnwiiM* m>wm r n. <■■ ■ <iiiim>ii» iiiiFMi>iy>iijtp apr.«iw» .« .i>i.#»».i^ >»iri -r rrimr n
agar plates of '3*0 m* thickness wore poured using a -tevelling iabl©#<*
: Growth from 24 hour1 plate. ’.cultures ms inoculated as spots (6-8 per plate) ' 
by allowing the end of a straight wire* charged with the culture* to touch- 
the surface of the medium* - After 24 and 48 hours of incubation* the mximm 
diameter of the colony was .meammsd using a moving stage. microscope fitted 
with a vernier - micrometer* a ratio expressing the growth-in sis© between .- 
48 and 24 hours of Incubation m s  also calculated* • •..
Growth on nutrient agar (Group B only)# Growth from 4 day plate cultures 
was' inoculated onto nutrient agar plates of 5*0 mm# thickness* .fhe 
presence or absence -of growth ms noted after incubating the plates for.
? days* fhe degree of growth was assessed visually and was recorded in 
numbers ranging from 0*0 '(no growth) to 1*0 (heavy growth)*
* Bhantion Scientific Co# Ltd#
■Growth on blood amr (Group Bo My)# fhi© m s  determined' in t h©ease ' -.
>i iiiM iiiii i ii|iiHii>*impiminii.iUMiw»«i<in.iiiwniiniWiinffinnii ii;i«nimiiin*iiiin 1 1 ■mumm iwm^  ' f  n*miwm j#i **ml  n r
m y  as m  nutrient agar# -
' Growth at .various temperatures* ' Temperatures ■ used for, strain© isolated in 
tha General Survey vmm ] 15°GS sfof: p %  37°, 43°C anfl 4S°C» and for. 
Groups A and B s 85°Cp 30°C and 3?°C. Xncutatore wore used for 15°C» 2 5 %  
30°C and 3?°C and wateaMjaths for 43°G and 48%  Tho modlua usod in
: tooting growth temperature rang© mspoptono water for isolates from the' ■; 
-Genorai' Survey and for Group A whereas; honey hroth; ms  used for Croup B*
-. 2teu loopfuls of 1S-T2 hour liquid .cultures roro inoculated into ■ 
tubes. containing the appropriate' mediums; which-'were. then incubated at -tb©.:- 
■ various temperatures mentioned• above* Uninoculated .tubes ■ containing' the . 
same amounts of the media as inoculated ones war© incubated at -respective •'
. temperatures as controls*
&i the oase.of.th© organisms isolated in tho. General- Survey 'tubes ; 
war© ©feakm and examined daily for . 3 days for turbidity which m s  .ctoter---- 
.miined with'th© aid of Brosm’e opacity tube©#* fho. .optimum*. minimus and". • 
mmimisa growth temperatures of each strain; along.with its' mrirfflim' opacity • 
attained, drn^g 72 hours m m  noted* If th© opacity attained at -two.’..-, 
different temperatures was the same $ the m m  of, the two values .was .-taken.' 
to be the optimum growth temperature# - , ■ '
/' 'Cultures of Group A were examined after 48 hours and those -of.';.'
Group B after 72--hours of-incubation* In each case tho turbidity.was-: 
noted, immediately after shaking tho tub©#- Booults wore recorded as the 
number of the equivalent Brown*a; tube*
.*. Burroughs Wellcome & Co*
Growth 'under anaerobic conditions ■(Groups A-and B only)* . 72 hour plate 
' cultures vmm eubctiltured onto 5<>0 cm* thick plates of solid media 
(nutrient agar in the case of Group'A -and'honey agar in the case of 
Group B)*-. -fhe --inoculated/plates' m m -kept in a -llclntoeh-ami Pildoe' Jar - 
which-.me evacuated* filled with b§fe>g3mf 'and ircuhated for 7 days* ,
•The de^eo; of .growth was estimated and was recorded .in numbers ranging 
-fro®'0*0 (no growth) to; 1*0 (heavy.growth)*. 'Ifci'th& case of .'Group A9 
the presence or -absence of. the yellow pigsent was also noted. -
Presence of caretenoid pi^eats (organisms isolated in the General Survey onl; 
This test m s  carried out by the method given by Ssersnn (19-57)*- Growth ■
fro® 11 day plate cultures was put onto a clean microscope slide and 
allowed to dry® removing surplus moisture fro®"the edge with a.piece of .
blotting papers if necessary* A drop of concentrated HgSO^ m s  added#
A,blue colour was taken to indicate the-presence.of carotenoid pigments*'.' ■ '■
Besletance ■■
Ability to grow In the presence of high concentrations'off sugar 
(Groups A and B only)* - The media used for .Group A were, prepared-as : 
follow®; < 1000. ml* -peptone, .'water mo&lm m n  divided 'into 4 equal-portioiisi '. ''. 
appropriate amounts, of • glucose were added, to. tho first three-'to give' final r. 
concentrations of do25 W® -cent** 12*5 per cent* .and 25 par -.cent*-"cugmr'." 
respectively*;' Ho addition m s ;mdo to tho fourth'-portion* which rorved;', 
as a''control* '-Rich of-the portions ms autoelaved at 116°C for 15 mooiteo 
and the 'pH sceptically adjusted to approximately 7*5* Finally the .media - 
wore';tubed in 2*5 cl* volumes* .:
Media used for Group B were modifications of Bailees (1953) 
honeybrotk and were prepared as follows# 10g* glucose 9 12* 5g* honey^
10g* yeast extract (Difoo)^  13*6g* tiers added to 1000 ml* distilled
water* .This mixture m s  divided into 4 equal portions and suitable amounts 
of glucose woreaddod to the first three to- give final . concentrations of ; 
6*25 per coat**- 12*5 per cent* and 2$ per sent* total, sugar respectively*
'in each .case including a constant 1*25 por cent* honey* Ho addition m s  : 
mad© to the fourth portion* which served as a control* Each of the above ; 
media'ms' autoolaved at 116°€ for 15 minutes and the .pH of each asoptically 
adjusted to approximately 4*5 before tubing in 2*5 ml* volumes* :
Tubes were inoculated'with a 2mm* .loopful of a 4$ hour liquid culture 
and examined aftor 43 hours of incubation* shaking .before examination*
For-organisms of Group A f the opacity attained* as'measured by Brown’s 
tubes*- was recorded* The growth of organisms of Group B' was much slighter
■and me recorded as follows#
Ho turbidity •*•»•*»•«••««•
' Slight turbidity **********
Turbidity markedly less than .the control**««««««
Turbidity somewhat less than the control *««»«*••
Turbidity approximately equivalent to the control 
Turbidity.greater than the control  ...
Viability at 4°0 (Groups A and B only)* 72 hour cultures on %0 mm* 
thick plates (sealed with sellotapo) of solid media (nutrient agar for 
"Croup A and honey agar for Group B) were stored at 4°C and the viability 
checked at intervale (usually weekly) by subcultaring onto the same.!:
4.
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medium© k strain was considered dead , if two successive subcultures ■
,' proved'-negative., and tho date of tho last positive subculture ms hold to 
•; midc-'tho termination of viability* .'Group A strains wore’ tested for'a total 
-of 20 weeks during which time about half th ©strains had'died* Group B - 
strains wars' tested' for a' total of 15' weeks within which period .the 
majority of strains-had 'died*'
Growth'In 'KGS' broth' (Groups A and B only)* Loopfnls of overnight peptone 
, water cultures of .Group’A'-'were used to inoculate -.5*0 ml* Sorew^ oapped : 
bottles containing. 1*0'''ml* -KG0f 'broth:'(Comn and Steely 1955)© 3h'rih© eao©.' 
;• of "Group B§ a ' mall quantity of 72 hour honey agar' culture was suspended in 
1*0 ml* sterile distilled mtor and oao loopful of this was-used for , 
Inoculation*: ..After tightly screwing down .'their- cape* : the bottles were ■ 
incubated and examined after 84 hours* 43- hours and 5 -days for growth*......
The= following controls were' used© '
. Positive ~ Klebsiella aerogones (U©0*S©^  Bo* 814)
'Hegitlv© ” lacheriohia coll Clf»0*S*& Bo*' 1359) '
Growth on ■Ma.oCorikey’s agir* 48~?2- hour plate .cultures .'were eubeulturod 
':onto laoOohkey1 e agar (Oxoid • code Ho* CU' ?). plates • of- 5*0 on* thidmsss* •. 
The period of incubation for all 'tho.. organisms isolated - in ’ the 'General ■ 
Survey m s  3 -days* for. Group A' 5 days and for Group's T days* In the 
.case of strains'obtained in ■ the Goneral Survey* plates''were, incubated.'at" . 
the ..'previously'determined optimal growth tempera-turoc* . t
'. After incubation* tho degree.of growth was.assessed visually.and m s  
reeordod '-in- numbers' ranging fpea. 0*0 . -(no 'growth) to .1*0 .(heavy - growth)*
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Biochemical characteristics
Action on carbohydrate^ , and related substances* A 10 per cent® solution of 
the appropriate substance* sterilised by autoolaving*. was aeepiieaXXy 
afided to.'.sterile Anted©,peptone mter (Oxaid Cod© Ho* Cl 61) to giv© a' 
final• concentration of. 1*0 per cent** and the medial ''dispensed in 5*0 ml®
©p 2*5 eft*., volumes*
_ 21 different substanoos were used (Table 2)© Barham ®e tubes* to 
detect gas production* were employed only in the. can© of glucose for 
.strains froa the .General Surveys. for ■ Croups A and B lactose* maltose* • 
sucrose* nsanattol and ©alicin m m  also used© Tubes were "inooul&ted with 
a loopful of growth'from, 1-5 day plate cultures and -Incubated.for. 16-24 
days* examining at .intervals*
Oalatinaso* For Isolates obtained in the General Survey tils test wee 
carried out by the method of Frasier (1926)-using gelatin. agar- sediua . 
(Comn and Steel* 1955)* Growth from ?2 hour plate'cultures' was inoculated 
as spots (6 per plate) onto gelatin agar platos which were incubated for 
4. days* After incubation the stsrihes of plates' was flooded with 5-10 ml* 
acid mercuric chloride • solution; (Feasior’s regent)' to "precipitate uabydro- 
lysod gelatin* Clear nones indicated nr©as of 'gelatin "’hydrolysis* 'In’ 
some caeeo it m s  found.necessary to remove growth 'of bacteria to reveal 
weak hydrolysis which ms confined to the medium directly underneath the 
growth*
In the studios on Croups A and B* gelatin liquefaction ms 
initially tested for bylCofan’s (1953) gelatin charcoal disc method* One 
loopful of growth from 4 day plate cultures ms inoculated into a tube
'"Tkme 2
Carbohydrate^  and. related -substance© used for .-.acid or acid and gas production
Carbohydrates 'studios on strains Studies on' strains,
-' isolated in tho ' isolated-in ilw
. General Survey Special Survey
Konosaccharldee . - ambinoee* rhamase* arabinose* - srabinbso*
.(pentoses)- xylose©' ' vhnmosQf.- rhaMios©*
xylose* ; ; ' ■ . xyiose«.
ilmosaoeteridee , - fructose * galactose *'• : #ucoee ' ' .^ucbse
(hbrcmes) . -glucose* ©anaose# ;
WLeaccharides . lactose* maltose* . . '".lactose* lactose*
sucrose* .'-'maltose* maltose* .
; sucrose* sucrose*
. trehalose* ' trehalose* 
'--'..'-/QQllobiose*. oellobio m *
Trieaeeharldo' raffinooe ■ : . s&ffinos©. raffinose
Bolysaccharide; .- -: dextrin, - dextrin
Sugar alcohols . duloitol* ,#yoorol*; dulcitol*' - ' -dtxXcitol*
■ Inositol * 'mamitc-1 *' -glycerol*. ■ ' -glycerol*
■ sorbitol* . adoniiol* ' inositol*
:inositol* - maaaitol* 
mnnitol *.'.>.-./sorbitol* 
sorbitol*: ■
■ Glycoside . salicin .ealioin. salicin
containing 5*0 ml* liquid medium (peptone water in tho cans of Croup A • 
and honey broth in the ease 'of; Group B)® One charcoal'gelatin; disc .
(pxoid Code Ho*-BE 10) ims then aeeptieally; added to/each'tub©* The . 
tubes m m  examined' at frequent intervals during a - total -incubation period 
...of 16 days® Presence of free charcoal particles in 'tho medium', (sometimes' , 
-shaking'ms necessary #o'.observe the .’particles) or complete'-.disintegration -
■ of the discs use -.taken'us -positive*/
. - In the cast of Group B* results obtained'-with-the-charoipal..gelatin'.' 
-disc method were subsequently confirmed by Frasier5©■ method using honey,., 
agar .(Bailey* 1963) -with 0*4 per dent*- gelatin added* prepared as' fallows# 
,4*0g* gelatin* a^sod-in'30 tal«: distilled water until ihorougbly softened* .,' 
m n  ’ added to. 1000 ml * glucose yeast' agar ha m  (lOg* glncosos' 10g*' yeast 
extract (Difco) § 13*6g« KHgPO^ S 2Sg* nutrient ag*?; 1000 ml* distilled 
-mteri adjusted to- pH 6*6)* The above mixture m o  autpclavod. at H 5 0C*v
■ for 10-minutes* ---.fb/this* 50 ml*- of sterile 85. per-cent*,'honey.'solution 
was- added and*- after mixing gently* the medium was poured into plates® -'
Ureas©* Christensen1 & - urea medium' (Christensen* 1946) was employed*'" In ;. 
,th©-©^mination of Isolates from.- the''-.General Survey* this me&iraj m e  poured" 
into, plates whereas in the studies of Groups A-r and B' ©lopes .(3*0 ml *; - ■ 
meditM' iH '5<»0 Mjou-battles)-were'used©
Growth .from'48-72 hour plate cultures was heavily inoculated onto ; 
the plates (4**6 spot©-par plate) or-slopes of.the above,medium*'-which .wore 
then incubated for 4-5 days® Cultures-were first ©snoinod hourly for , 4 
• hours and' then •' daily'for 4-5 .days* Strains .which turned the medium, pink- 
'or red.were recorded.as being.urease positive* .' ■ ;
: The following controls wore: used*
■ Positive - Proteus vulgaris (lf*0*T»C*^  4636) 
negative,-.Escherichia coll (U»6 *,S«. 1369) :--
Amylase (oripnisms isolated in the General Survey only)*' Growth from 
..?2'hour;plated cultures was inoculated -as spots (4-6 "per plate) 'onto 
starch agar (Cowan and Steel 9 1965) plates* which were then incubated for 
4 days* After incubation* the surface of the plates was flooded with 
Lugol*s iodine solutions The medium turned blue or .black* starch hydro-’- 
Xyeie being .indicated by-clear*, colourless sones around the areas of growth* 
■In some cases the '."growth was, scraped off the/ surface '-of - the plate after.
/the addition of Iiugol’s iodine to deteot areas of weak hydrolysis underneath*
Cellulaso (organisms isolated in the General. Survey only)« ' Tubes containing 
5*0 ml*, peptone water (Osoid Code Ho* CL! 9) and'a strip of filter paper /,, 
were inoculated with a loopful of growth from 72'hour., plate cultures* ■"
After incubation for 4 days:the cultures were examined for disintegration 
of the filter paper strip*
Chitiiiaee (Group B and organisms isolated in'the - general Survey only)® Tho 
following medium.was used for steins isolated in the. General Survey*/
69*5 »1* Chiiin water medium (see page^ ■). was thoroughly shaken and : 
added .to 30*5 distilled water to. give a final concentration of 0*25 
per cent* cbitin; 2*0g* agar (Davis Standard) was added* The medium 
ms autoelaved for 15 minutes at 121°C. and ms thoroughly mixed before 
pouring into plates* Growth from 72 hour plate cultures was heavily 
inoculated as spots (4-6 per plate) and the plates were Incubated for 
14 days5 examining at intervals. Clear sones around tho colonies wore
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taken to indicate chttln-xoe production* Tho ratio .between the maximum 
distance (in mm*)-fro© the edge of the-colony to. the edge of the clear'
©one and tho maximum diameter of the colony ms ■ then calculated* -
Tho medium used to carry out this test with Group S b b  prepared . 
as followsl*0g* of ^ ueos© «e added to 100 ml* of ehitia-minoral
(Mngappa ami haekwoodj 1961} and the mixture was aitioelavcd at 116°0* 
for 20 minutes* To it was added 5*0 ml* of sterile 25 per cent* honey 
solution* Plates m m  inoculated in the same my,s© .indicated above and : 
■mm. incubated for 10 days* ' - - '
Beotlnase (Groups k and B only)* In. the case-of Group A* nutrient a.gar 
containing 0*5 per cent* calcium chloride was used; as base medium which was 
overlayorod with 5*0 c&# Stewart’s poctaie solution (H-cerm-an, 196?)* -To 
detect pectinolytic activity of Group B* the base medium m s  . honey agar \ 
containing 0*5'pci* cent* - calcium chloride -overlay-eyed with the same pacta to 
solution* .
Dried plates., were Inoculatedheavily with spots (4 per: plate) of - 
growth from 72 hour plate cultures and incubated for 8-10 'days, examining 
at intervals* PeGtinoiysie ms indicated by a small indentation in the : 
medium produced by tho oinking of the colony and the surrounding medium* '
■A stein of Erwlnia atrosoptlca (U*0*S* 126?) was used an a positive 
control*
Hydrolysis of aesculin* The medium used for isolates obtained- in the General 
Survey m s  as follows# S°0 &1* beef infusion (Oxoid, Lsb-Lemco brand) $
5«Gg» Bifco Bacto-poptonos I*5g* ©odium cblori&os . i.Og.
0*5g* aoseulifi* fhe Ingredients were warmed to dissolve. After'cooling 
to about '20°C.*'the'pH was adjusted to f*4 and' the medium filtered -through 
-coarse filter paper® Th© medium m ©  finally dispensed .in. 2®5 *&• . volumes* ■
• Woes of the - above medium- were- inoculated with a loopful of growth 
from 5 day plate cultures and -incubated for'8 da ye*; After incutsation,-- ■
2-3 drops of a' 1*0 per ©out* .ferric ©itrato eoiutioa were added to each g.-’ -. 
tube® SXa&enlng of 'the broth -was taken' to indicate hydrolysis of'aeseal'in*
The aosoulin :hroth .need in the studies of-Groups A and B was that 
of Sneath (1956) which included 0.005 per cent*..ferric citrate. -.Whos* : 
each containing 5*® ml* of -this medium j were inoculated' with, a loopful of . 
growth -from 24-72 hour plate cultures* incubated'’and examined on the let* 
2nd* 5th* ?th and 8th days. Blackening of the medium-wap'taken-to indicate 
aesoulin hydrolysis* -■
' A strain''of Streptococcus faeoalis (H.0.T.G* .370) was used :ae a' •' 
positive control. ’■
Oridatlea-formentatlon (o«»P) test. Tm medium used for; Group A and.-.for . 
isolate© from tfee Oeneml Survey was that of Hugh and hoif©oa---(1953) 
containing. 1*0 par cent® gLuooso. .The medium used for Group B■ was as 
follows g to 100 fid* of sterile Hugh and Leif son9© medium 10 ml* of 
sterile 10 per cent* .glucose and 5»0 ml© of sterile 25 per cent* honey . 
solution' were aseptically added* -.flaese w©r© thoroughly mixed and aeopti- 
oally tubed Isi 5*0 ml* amount©* '
For u609 duplicate tubes of the above media were steamed to-remove 
dissolved air and quickly-cooled* T-o one tube a layer, of- steril© liquid 
paraffin* oi about 1*0, m « deep* cue added*'
Beth tubes were inoculated with -growth-removed from a ' 24-48 hour . 
plate' culture by stabbing with a straight wire and were incubated for 14 
days* examining at intervale* , Invthe.case..of._ or^niese-Isolated 'In the:... 
General Survey*' tubes vmm incubated at the.previously determined optimal 
growth temperature* . '
.Results were recorded according to. the following:observationss
Open tube-- : Sealed, tube \ Results
Yellow Green ■ ■\ Oxidation ■
follow fellow Fomentation :
Bin© or green , ' Green •■ , Ho action on f$ucose ■
rr-^frrirT-^n^ im iii -^rr‘T-|l>riTffriliii«TpT<''*1^ i*hffMin*^ nmiflii<i»Hii''~i'T~iirtir»i-r'*rfnirirf~)»iii Ti**rirrrr>iivrm^imn^ —n—iiwn*i*^ *in*uiMM»iiiT*i¥imn*i'in*.>wiiio i*[im.<**i*<iii*ji  ............. ... m r*w w w iu rt1 11*1*11 ■■ m-‘i*wniirnMrtBtiimm
.'. ; A'heavy-.growth confined to a . worn-of a few. millimetres below the
surface of'the median in the open tubes urns also recorded* if present* as 
being' indicative of Mcroaerophil&o organisms* •:: ,
Citrate utllleation (Groups k and 3 only)* Material from f S  hour plate 
cultures was inoculated as a single streak onto the surface' of .-Simmons.?;. 
(1^26)- citrate a ^ r  (0sold Code Ho* CM 155)' slopes* .-.fubea woa?®:.'incubated, 
and ©ssamined daily up to 7 days for, growth and. colour change*
Results were recorded according to the following observations*
Blue colour and streak of £Towth « citrate utilised 
Original green colour « citrate not utilised ■
tfo' confirm' the results* all positives were subcultuxetd into Kocor,s 
{1923) citrate medium (Gxold Code llo* CM 65)$ these subcultures were 
incubated for 7 days and examined for growth..; ■
'l^ he'.following controls ware used#
’"Positive - Klebsiella aerogenes ((1*0* S. 014)
' negative ~ Escherichia coll (U*Q»S* 1369) p
■IMoimte utilisation'"(Groups'A and B only)* .Growth from .3-5 :day plate 
’ culturew-'was' ‘fooot&ated'latb' tubes" containing' 5*0, ml* malonate-phenylalanine 
'. medium' (Shaw" and' Clarke *-1955)which' 'were then "Incubated, for 24 hours.’;'A.
• positive malonate reaction m n  indicated by a deep blue colour and a 
negative by the unchanged greenish colour# ’ After recording the results* - . 
tubes wore kept for detecting the presence of pkenylpyruvio aoid#
. Controls?
Positive ~ Klebsiella aerogenos (U*0«S. 614)
- ' Hejptive ** Proteus vul'^ iris 4636)
/Phenylpyrtivlc acid (PPA) production ■ {Groups A "and B only)* fhie was 
also carried out by the method of Shaw and Clarke (1955)* After recording 
the result of the malbnate utilisation test* 0*1 ~ 0.2 ml* of 0*111 HC1 
and then 0*1 ~ 0*2 ml* of 10 per cent* FeCl^  aqueous solution were added 
■ to each tube* ■ tubes were - shaken and any colour change was immediately ■ 
observed# A green colour {which quickly faded) ins taken to donot© the 
presence of phenylpyruvic acid while its absence was indicated by the 
yellow Colour of ferric chloride#
Controls?
.Positive ~ Proteus vulgaris Cll«0«,IV0» 4636)' .
- iterative'Klebsiella.'■aogogan&g (U»0»S» 8l4)\ '
Beta~gnlaotosidkgQ: (OMPO) tost (Groups A and B only)* •: Material,taken' from ■ 
S4~72 hour plate cultures m s  inoculated lightly into tubes containing ; f 
2*5 mle-GEPG.teoth (Carpenter.et»;"b1» 1956) and the tubes incubated'over* 
Beta-galactosidaee activity me indicated by the formation of a ■':■ 
yellow colour due. to: liberation of; free orihoniiropkenol>. •, ■ _
■ ' .EControler :
■ . ■ •PoeltiVo,^  Bsehertchta noli :{g»0»8.-.'1369) ' '
' Hogativo ~ Salmonella dubliti .(11*0*$*• 9S) ....
Catalano activity* • A loopful of a 24«?2 hour plate culture m s  put on 
a clean microscope - elide and a drop of **20 volumes” Hg0o ms added* •
Catalase positive 'organisms produced bubbles of ■patygea*
■ .Controls? .
:. Positive fseudomonas nernglttoea..(g*C»T*C» 85G5)
. ■; Hegativp - .Streptococcus .faeoalie *0*: 370) ■
Oxidase'-activity* A ; filter-, paper was soaked' in freshly prepared' oxidase ' . 
reagent (Coian 'and';. Steel $ 19*65) and dried* A small amount, of growth; from ' 
24-72- hour .plate. cultures .me smeared onto the oxidase paper with a platinum
■ loop* / A dark ..purple, colour. developing, within 10 seconds indicated the presence 
of cytochrome oxidase .in the bacterial cells used*
Controls*.
■ Positive - Eseuflomonag aeraglnoaa (ll,C«T,C« 8905)
Ben&ttve ■ Escherichia coll (0,0,S, 3.369)
Methyl-rod',, (MB) md Voma-^PTodzamr (V-P) tests C Groups A and B only)«
These were carried -out ming MVP mtilrn (Os&ld Code Bo, CM 41)* Implicate 
•tubes* one for moh test* containing 5#0- medium were inoculated with 
growth from 48~?2 hour plats.cultures and incubated for 5 days,
v (a) Methyl .'rod tent, 3«4 drops of 0,04 per cent, methyl red solution • 
(Qovmn and' Steel* 190) wore added-to on© of the duplicate' cultures.
- , A magenta rad colour*' showing the presence of, acid* waspositive*.
. a . yellow colour negative* and an orange colour was considered 
equivocal (4)9
A strain-of M&oheriehla coli (U,0«S« 1369) tsas used as a 
-.'-'positive control*
(b) Vo^ea-Pgoefeauer tmt {0*Mmm9B method & 1931), ■ To the second of 
.the duplicate cultures-wero added 2-3 drops of creatine solution
■ (Cowan and Steel*.1965) and 1,0 ml, 40 per cent, BOB aqueous solutions 
the - tube me then vigorously shaken*- kept in.a sloped position* mid 
essamined after 1 and 4 hours, ' A modification in which the tubes .were
, . warmed gently to about blood boat (in a water bath at 3?°C) m s  -also 
tried. The development of an cooin-pink colour me taken to denote 
acotylmothyl-carbinol production* a yellow colour vac regarded an .
negative* and a light to deep orange.brown colour equivocal (&),
A strain of Escherichia coli (tf,0,S, 1369) was used as a negative 
control, -•
Stocagftoxylase reactions (Groups A and B only)* The dec&rhosylation of 
arginine* lysine and ornithine was tested ■ using K/ftler«8 (1955) method* 
Tubes of -the four media (arginine* lysine* ornithine and control) wore 
lightly inoculated ftm 48-72 how plat©' matures* with e ets&i^t wire 
through the 'paraffin layer*. The tubes wore incubated and eszuoined daily 
for 4*5 days* the media first .became yellow due to acid production from 
the-glucosef later if decarboxylation occurred* they became .alkaline-and 
turned vidlet* . fhe control tubes remained yellow#-■
Ornithine
4 
4
■ Gluconate oxidation (Groups A' and B only)* Growth from 2«4 day plate cultures 
was' iaoculatod into' tubes containing £#5 ml * gluconate -teoth (Slrnw and- ■ ■ 
-•Clarke* 1955)'.which wore incubated for 48 hours* 2*J ml*' of .Benedicts . 
qualitative solution (Gmm and Steal* 1965) wm then added to each tube* • 
..which was shaken- and' heated- in a water hath for 10 minutes# '- fhe formation 
of a .brmm* -orange * or tan precipitate m s  assumed to indicate gluconate. .•: 
oxidation#. -Unchanged blue colour of the. reagent- and the absence .of .pro- - 
oipitnte ehowod negative reaction*
■ Controles ■
Positive Klebsiella a ere genes ,(U«Q*S« 814)
Negative - Escherichia coll (U»0#S» 1369)
Controls!
Arginine ' lysine
..Stotetta-Vulgaris {g»C*T*C» 46.36) , - -
Klebsiella mmmnee (tf#©*8* 814) «► ■ . ' *
Esoberiohis coli (t!*0*5# 1369) ■ . ' * 4,
Salmonella typliimurium (ll«0#S# 305) ' 4 4
llitrate reduction (Groups A and B only)* ' The medium used, for Group A m e  
nitrate-broth {Oomn and Steel*. 1965).and for Group B m e  honey broth 
containing. 0*1 per cent* 1310^* The latter medium was prepared a© follow©!. • 
0«Xg* KBO, was added -to 100 ml# glucose yeast broth (l»0g# #1100001 l«0g# 
yeast extracts ■ l#36g® KH2PQ4S . 100 ml# distilled waters’ ■ adjusted to-pH : 
606)*' This mixture m%  sutoclaved-at 1!5°C* for 20 minutes# .To,this*--'.-'';-' 
5*0 ml * ■ of. sterile 25, per' c&nU honey. solution m s  added*.
' Tubes containing 5*0 &!« of either of the above nitrate media m m  ■ 
inoculated with growth from 48-72 heir plate cultures and were incubated 
for 5HS -days*' After -incubationf 1*0 ml# nitrite reagent. A and then 1*0 ml# 
reagent'B .(Comn and Steel*-;19$5)' war® added to each tube# A red colour 
ms taken to indicate the . presence of nitrite# A little sine duet m s '•. 
added to cultures giving a negative reaction to determine if nitrate 
remained (shown by the ■ development of a red colour) and that 'decomposition' 
;ha& not proceeded beyond the nitrite stage*.
•■-■■■ . Coiitrols*
Positive - Eaoboriohia coll (IU0.S* 1369) ' , ;
Negative ~ Aclnotobaoter anitratuo (tl*C#T»G« 8102) .
Indole production# Isolates obtained in the General Survey and also 
.isolates belonging to Group A-wore grown in peptone water whereas' organisms 
of Group B wore grown in honey broth# Tubes containing 5*0 ©1# of cither 
of the above media wore inoculated with growth.from 48-72 hour plate 
cultures#.
To carry out 'the toot the following three methods were eaploye&s 
the last two being used only in the case of Groups-A and B in an attempt
to demonstrate a positiv© result -with any of the strains*
Method I*- To 4-6 day cultures in.liquid media was added to" 1*0 ml*
. ether# After shaking* the ether 'layer m s  '.allowed io.aspar&toe 
•. Finally -8-10 drop© of -'Boise* s re agent l a s  run down the aid© of the 
"v - . • tubes . if no colour appeared within a minute* 8~i0 drop© of BbTsm©1© 
reagent B (Wilson and Miles* 1964) wore aided to ©abb; tube# A fink 
or'red colour in the solvent indicated the presence of. indole#
'. Method 2* After inoculation a atrip (approximately 35 x 4 msu)
;of an omlic acid paper {Holman and Consoles* 1923) ms placed 
between the cottcn-wool plug and mil of .each tub©*'; Tabes were . 
incubated and examined daily (except Sundays) for 16 days# Indole 
production was shown by the development of a pibk colour'on th©' 
paper#
Method -3* 'A 24*48 hour liquid culture -ms vigorously shaken* 0*5 
Kovace reagent (Kovacs* 1928) added* and the. mixture examined after 
. 1 and $ minutes# A red colour in the reagent layer was taken to
■ indicate,the presence of indole®
A strain of Proteus vulmris (!i#C*f*0# 4636) was used as a • . 
positive control#
llfdrogen sulphide production# The method used to detect .the production of 
hydrogen ■ sulphide m s  that using strips of lead acetate paper (Clarke* 1953) 
over a liquid medium® Poptono water rasdtum was used for Group A and for
isolates ffoa-the General Surveyand honey broth for Group B*
fubes -containing g.O ml« of either of the ahove media were inoculated 
.with .growth from B4-7& hour plate cultures and a strip (approximately' 
.35'x'4'®a*'). of lead acetate paper m s  inserted between .the plug and-mil 
' •of each tube* . fulm were incubated 'for 4-5 days* examining at intervale. 
Browning.or'blackening of the paper strip indicated S2S-production.
In the case of Group A, ell the strains which gavo negative results 
„-mm also'chewed for H2S production by a second method-using strips of 
■ lead acetate paper over nutrient -.agar .slopes. to confirm the negative
results® . . .- : '
A strain of.-Proteus vulgaris'Ql.C.^ .C. 4535) was used as a positive ; 
control® . .
'Atmonia production I Group A and organisms isolated in the General Survey) ® 
S’ubes containing' *?.0 - .ml .• peptone water medium were' inoculated-with growth 
' from 43 hour plate cultures’and were incubated for 6 days® After incubation, 
. 0.5 'Hostler*© reagent (Cowan .and Steel, 1965) ms-added to each tube® 
fhe development of a brown, omng©,-or brownish ©range ©ol our'was' taken 
.to indicate the presence of1 ammonia f a faint or distinct yellow colour 
..was recorded as a negative result.
•Balino• agglutination (Group B and, organisms icolatod in the General Survey ■ 
only) • - 0 ,: 1 "'
A large colony or a -email amount of growth from a 48-72 hour plate culture 
ms'falsified in two .loopful s of 0.8^  per cent. tfsOl.' on a clean' microscope
Glide, fborough falsing was 'accomplished by rocking and tilting the slide 
for about.a minute© Strains which dumped war© considered saline'
• agglutimbl©' (*). and strains, which ■ produced an even suspension, war© . 
recorded a s .n e g a t i v e , . /■
Serology 
Preparation:of antioem, . Antieera against- *Baoterlua eurydice*. and strain' ■
103 (Ohremobaetcrium t:fpklflayumt) ware prepared, by..intravenously injecting ' 
formdised-liquid cultures' into -.rabbits,:
•■ Xnoemla, 24 hour liquid cultures - (peptone water -for Chr, typhinavum* 
-and honey broth for *Baet* ourydloe*) killed with G,25 per cent,
. formalin war© used as inocula for injecting- the' rabbit i: ,
Rabbit©o One rabbit m s  used for each antieerusu Prior to -injection*
. - about. 12-15; b£U. blood was obtained from the rabbit's lower oar vein 
, and the -:serum separated*-preserved with 0*5 per;cent, phenol- and
■ 'stored.in'& deep frees© (~2G°0) until required*
v Injections,, Infections were given intravenously into -the rabbit1© : 
ear vein. Amounts of the inoculum used for the first three injections 
. ...were .0*25 ml,* G,5 ml, and 1*0 ml, followed by. 15 subsequent •-injections 
' , of 1,2 5,©!* each, '.The first five injeotiouG were given at ’3 day 
- - Inter /ale and .the remainder wore given weekly,' '
Bleeding . 12-15 ml* blood was obtained from each rabbit 2-3 days after 
-tiio 4th* *?ih and 13th injections? the -corum ..was separated * preserved
■ and stored' in the same m y  as the control serum* ■ 'Bis days after the
\ final (l8th) injection* 40~5O ©2.® blood m& -collected fromeach 
. -rabbit and' the antiserum separated* preserved and stored as above#
Slide a'^utloat'ion test (Groups-A and B only), . fhree drops of suspension 
of the; baeterial. culture to be "tested*-.each consisting of-a small amount; ■ 
--"of "growth from a 24-48 hour plate culture in two 'ioopfuls.. of -:0*85 per. ■.-cent* 
Wad® * were prepared on a clean microscope slide* care being taken not to p 
allow drying# . 1-2, loopfuls of the -appropriate anti serum wera: added to . 
tfaQ:central drop* and the same amount- of saline, added to.- the. peripheral ;
:(control) 'drops#. 'Clumping together of cells within 1-2 minutes’:was noted :. 
by comparing the central drop with the two' on either side of it#.' Cultures ' 
of .the two'‘.homologous -strains rare also included as. positive controls#, - a.
■Qualitative precipitin test (Group k only)® ; . .
of'antigen# lb© growth from a 3-5 -day plate ..culture of the.
strain:to- be'tested.ms:harvested and suspended in 1*25 ml*’'normal.• 
saline# • fhie .suspension .ms thea-'diBtntograted .by means of .an 
ultrasonic.--'disintegratorrun at maximum obtainable resonance for 
15*20 'minutes* during -which time, the toot tube containing-the ©us- , 
pension "me kept cool -by partial - immersion lit iced;.water* ' Bisinte- •-' 
gratlon was assumed to:'hav© -taken.place when the- suspension became 
clear and this was checked by esataining Gras-stained smears# '--fhe- 
disintegrate was' then stored in e doop frees© (-20°C) until required* - .
Oaohterlony gol-dlffusion technique* 2#0 ram# 'thick pistes of an Xonagar 
gel* (iftOg, Xonagir Ho* 2* -Oxold Code I^gin 100 ml# 0*5 P$r cent® 
phenol-saline) wore prepared and an appropriate patt&m of wells was 
■cut in the agar using the end of s 6#0 tsm# diameter freese drying ' .
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tube as a punch® Generally* the pattern m s  one central well 
with 4-6 surrounding well a* the distance between the wells being 
4-5 tom,
Anticerum was deposited-1» the central well/and antigens an 
the surrounding, ones* Hates; were l@ft in the refrigerator anr 
' were .examined after 3*? and 14 days, la a positive reaction lines' ■
. of precipitation were recorded' photographically or "with the aid of '
. . 'drawings# . ' .'
Pathogenicity (This test 'was carried out on 30 strains of Group A only) ,
24 hour-peptone water cultures ware injected iatrapsritoneally into ©ice • 
/in doses of 0,0p ml, and 0*5 ml#* two mice being used for each dose * 
fhe animals were-observed daily (except.Sundays) for 14 days,. Che heart-, 
-blood of dead mice was inoculated onto nutrient agar plates which were ■ 
then incubated at 23°Co Plates which gave cultures of organisms different, 
in colonial appearance from' those- injected m m  ignored,' It was -planed to 
:record the results M  the following.manners ■
— . ■** no .death ■
.■,+ ' « om  or'both mice receiving 0,5 ml# of the inoculum died*', but'
■ those receiving 0,05 ml, .survived, . '/ '' ’ ' '
. « on© or both mice receiving 0,05 ml, of.the inosiO.ua died* but
'one - or both survived 4B hours cr more#'
■ +++ e both mice receiving 0,05 ml® of .the inoculum died, within 48 hours
Bocorfllng of test results
A sample (Sample Ho, 2) of the printed form used, for recording test 
results -has been affixed on the following page#
Sample Ho« 2» 
fhe printed form used for recording test results*
Name and description of test
(results not obtained on this date to 
be specially noted)
Strains
1 2 3 4 5 6 !
7 8 9 10 11 12
13 14 15 16 17 18
19 20 21 22 23 24
25 26 27 28 29 30
31 32 33 34 35 36
37 38 39 40 41 42
43 44 45 46 47 48
^9 50 51 52 53 54
55 56 57 58 59 60
61 62 63 64 65 66
67 68 69 70 71 72
73 74 75 76 77 78
79 80 81 82 83 84
85 86 87 88 89 90
91 92 93 94 95 96
97 98 99 100
JSS/KPS/20/2/67
Computer methods
The analyses of the data on the properties of bacterial steins were 
carried out by an electric computer* accoi*ding to A&anconian principle© 
of biological taxonomy* as developed and applied by Sneath (19.5? a*b). 
Initially the- data were.processed by the University of Surrey computer* . 
an Elliott 503 which m e  subsequently replaced by an .International computer*
10L 1905 S without major program alterations® •' The computer program was 
devised by Dr* J«B® -Smith and written by Mr# B* beavillo* both of the 
University of Surrey#
The purpose of the computer analyses mc  to classify the steins into 
groups or clusters* each comprising those strains which had the highest mutual 
overall similarity* but lower similarity with strains tern other groups#
Only those tests which gave variable results for the different steins were 
included in the analyses! omission of characters - which wore either positive 
or negates• for all steins reduced the number of features for computation- 
tea 4? to 46 in the case of 102 strains isolated in the ■ General Survey* 
from ?1 to $0 in the case.of 48 steins (including a- standard culture of 
*Oiiromebactorium typhlflavua*» HCfC 9381) of Group A* and from 69 to 42 
in the ease of 34 strains (including a known stein of * Bacterium eurydico*j 
of Group B# ■
.The following processes were involved in the analyses.
1# . Coding of information (carried out manually).
2# Calculation of co-officlcnts of similarity (carried out by computer).
■3* Cluster Rouping (carried out by computer)#
4® Diagrammatic representation of cluster amlyaic (carried out manually)#
1# Coding of informtlea . . • .
' The conpiter program mn -designed to aooept ‘data expressed in one of 
the ;fdllowSng forme*
(a) Tsro-state qualitative infoaKsation# .
(b) Multistat© qualitative information* . .....
(e) Quantitative information#
(a); Two-state Qualitative inforsaattoft* This type of information indicated 
either presence or absence of a particular property in an orgmtei and m n  
normally coded 0 os? 1* ©#g# motilfiys. noa-ootilQ « 0
■ motile o X
Tliie kind of information vac exceptionally .coded - or + * eg# spores s
absent 
present « *
The'ei^aifioanc® of these two coding conventions is that* as far as the 
EmitMsaviXXe progsa© -is concerned* they indicate slightly different - 
methods of scoring and corating‘in the subsequent calculation® of similarity 
co-effipiGntss its the 0 or % method* similarity of two objects in either 
of the two character states contribute® to tho co-efficient? ' in the - or * 
method* only similarity in the * state contributes*®
(b) Multistate .Qualitative information# This kind of information indicated 
several types of reaction or result obtained in one test* e.*g* tho arrange­
ment of cells* where several result® are possible# In this case coding
may be as follow®!
<* Smith* 1968#
HecniltB ■ Coded
Croup CBQ
Eair HI
'Singly ■:■ SXI?
Palisade . PAX* ,
; chata ::m ;
In this type of attribute, tho order of the different attribute states, is , 
teaierial, ©*g* bacteria arranged in 'groups are.no.©020 similar to ,©»©.. ; 
arranged- in pairs than:-, they are to those arranged-in chains, .and so on, ■ 
and the resulting computer operations are arranged accordingly*
(c) Quantitative information* Eesuli© expressing 'this type of information 
■wore coded as tho actual numerical result for a particular ©train, e*g« 
coll diamoter in microns* . Sometimes such result© wore coded in numbers 
-ranging from 0*0 to 1*0, expressing the degree of posiiivoness,-.©• g* growth 
•cn’lffaeCoakeyts agar# no growth « 0*0
poor growth" a 0*2 
heavy growth' » 1*0 
-Occasionally eueh data war© coded 0, 1 or 2f b*g* acid production'from 
glucoses ■ -negative '*» 0 
positive after 43 hour© .» 1.
’ positive within 48 hours ** 2 ■
The complete list of tests usod for computing co-offlci©nte of 
similarity, and the forme in which their results wore coded,, are given in 
Table 3,
Coding of., features* of the test organisms (those isolated in the General 
••.Purvey and those belonging to 'Croups A and B), for the computer analyses.
P o m  of data . Tests for' characterisation of bacterial 
t" ., strains :■
Method of coding :■
Two-state
.qualitative"
Motility;, presence of carotenoid piipenb;:
- ability, to grow'in the. presence - of -.high'
, .concentrations (6.25 per-cent, ,. 12*5 per- - 
cent, .and. 25;per,:cent*)- of -su^i^;- - gas. from, 
glucose and- sucrose; gelatin&sep ur^lle* - 
'.amylasei-;G-F test; .malonate'utilisation; "
.GHHJ,.test; eatalase activity* oxidase- ' 
activity; dscarbaxyl&tion'^f arginine; 
gluconate oxidation; nitrate reduction; 
indole' 'production; H28 production; !SH^  
production; saline agglutination; '.slide, - 
agglutination, test*, qualitative precipitin : 
test (Ouchterlony gel-diffusion technique)
0 = negative
1 = positive-.
- Presence .or. absence of spores; -plemorpikimz 
' mucoid colonies; micrcaerophilies. -
>. a negative - 
.+ ss .positive'
Multistate
qualitative -
■ Curvature --.(rods) * .principal ob.11 .arrange** : 
inent, .
STB ss straight . 
CUR. s curved : 
GHO e group , 
SIM e singly 
PAI-e pair 
PAL = palisade 
CH/l = chain
smE 3 (continued)
Form of data Tests for characterisation of bacterial
strains .
Method of coding
Quantitative Acid 'from arabiiiQGG, rhanmose zylose,
fructose, galactose,' glucose, 'maimose,
lactose, maltose, sucrose, trehalose, .
cellohlose, raffixiose, 'dextrin, dnloitol,
. glycerol,: inositol, oaanitol, sorbitol
and calioin?. growth in KCE brothf citrate
(5)
utilisations hydrolysis of aesonlln*
0 o nogati\f©
1 » positive after
48 hours
2 s-positive witha
48 hours
Ecctinasef MR .-test! V~n test.
Fathoaonlcity to mice
0 » negative
1  ^ equivocal
2 o positive
See note (6)
Oram react long growth on nutrient agar? 
growth oa blood agsr$ growth under amorobie 
conditions $ growth 'on MaoCorikoy*© agar*
Mean disaster In microns$ ratio between mean
length and mean diameters optimum growth 
(?)
temperature^  minimum growth temperatures 
maximum growth temperatures maximum opacity 
attained within 72, hours § growth (as measured 
by. Brown •© opacity tubes) at 25°0S 30°0 and
Coded in numbers 
ranging-from 0*0 
to 1*0,- expressing 
the degree of 
positiveness,©*
0 « GTam-aogxtive 
0*5 ■«* Gram-variable
1 t? -tem-positive- 
Coded as. the . :
actual numerical
result
FiBLE 3. (continued)
Form of data
Quantitative'.
(continued)
Tenia for characterisation of tectorial 
©trains
and 37°0| viability-at 4°0f giant colony :' 
.-diameter. on -nutrient agar after 4$ hmirsf , 
ratio:expressing. the growth in giant -'colony.' 
else between 48 and. 24 hours on nutrient agir 
ehltinac© ‘(ratio between the msdstei. distance 
from .the .edge of the colony to-the' edge of • 
the clear nose and . the mximm diameter of 'i " 
the. colony)*
liethodt of coding
'Coded as. the - 
a ctual numerical 
result '(oontixmod)
ITotess
(1) For organisms of Group A*- the opacity attained aa mescured by Brown*©- 
: tubas* me. recorded©
(2) 'In the ease of otxmino isolated in the General Survey* the results 
of ■tills test .were coded? . 0 «.negative;. 1 .»" 'positive ..between 24
' .’ and'72 hoiirsfi./g *\p©sltiye itithiis 4 hours*.
.(3) I11 the case of Isolates from the Goatml-/Survey* :ih© results of this 
:• test were.coded! 0 © negatives .1 © equivocals 2:» positive* ■■’
(4) '. For ©trains isolated in the. General-,Survey* th© pleosbrpMssi was. - 
. ■ eaproseed.in.sugars imaging from 0*0 (no' pleomorphiem) to 1*0 
'.(highly pleomorphic)* . /v-
(5) In tho case ©f strains isolated .in tho .'.General Survey* ■ the results 
of this test ware coded:. 0 « negative^ . 1 *» positive'*
(6) Bosulte of tho pathogenicity tost were- coded in the following manners
0 & no death
X » ©m  or both mice .receiving 0*5 ml. of the Inoculum died* hut 
. those receiving 0*03 e£U survived*
H o t e s - ( c o n t i n u e d ) *
2 * ono or both mica receiving 0*05 nl« of the inoculum dledP
but one or both survived-48 hours or more*
3 « both mice receiving 0*05.eft* of the inoculum died within
48■hours. ■■
(?) If the opacity attained (as measured by Brown *$ tubes) at two,
. . different temperatures .was -the ,sas%-:th0 taoaa of-ths two temperatures 
'.-..'■■'■was taken tohe the optimum* ' '- V.
* Bata-on- the following- tests wsro omitted from ■ the computer analyses'
; -:-eiac© all strains la’ths jp?onp(s)' tested gav# the same results* •
Hgnontation under anaerobic conditions! production of acid from 
, adoaitolf production of gas from lactose$ maltose $ isamitol and calicin!
cellulase production!- FBI production $ 'and- decarboxylation of lysine 
; and ornithine*
. g» Calculation of op-cfflcicnts of .similarity 
Calculation of co«afficients of similarity for each.pair.of ’Operational 
Taxonomic Unite* (O/lhU’ss or in this case strains) and construction of a
. matrix-composed:of thee©.co-efficiontc wore carried out by: the computer*
The similarity co-cfficlents for. any pair of ©trains, m m  calculated tom 
./the formula-;./.:,.//'■'•■'"-v".
■ S '*» * whore S ** Similarity, coefficient ■ • .'
;'■. /ir» total score ■.-. ■ ; 1 ■ ’
:o'« total count /
!• The total' ©core „m© the mm of the individual scores awarded, to each pair 
.-• hf /test-rosiAtef the total count-ms likewise the .eusn of the Individual-.-/
. counts* every .valid , compariisoii -being counted- as 1*";.
■ 3« Gluoter grouping .
Fho 'grouping of the ©trains (0#T«U*#s) -into clusters of closely, related - 
organism© sms/carried'out by a tom- of cluster; analysis* In this, -proses© ■'
' the strains ware reorgmloed; ih>such" & .fashion that those related by Mgh ' 
mutual coefficients of similarity were grouped to "Other* Method© of "'.
' ■cluster amlyoie used were (i)\ a Single t>M£ Grouping(S*h*G») method - 
(Sneath 195? b) where ©train©1 are added to - group©'in which they ©how. the-'-■'/ 
M^iest similarity with any /cither.'"strain * and (il) '‘Single tiMz listing 
. (s*X**L») method in which 'strain©, are added to a group' according to their 
similarity -'to' strains' on: the- edge of the group*. The ■ S*ti*S** -method ■: 
devised by Smith (1955). and was 'successfully used 'by Kussaiai (1956) and - / 
/^.ioherti . ( 1 9 6 8 ) * / ; .  ' '
■ :';'-'-2n/-the.-'S*l**CI#’ method the similarity was seamed at falling levels
of-.-either .5 -per/'cent* '.’(a©-'in:the'-'caec._cf;©t3^ in©' isolated in the General
Survey* el though it m e  eventually decided not to make use of tho output 
Information) or 2 per coat* (as in tho coco of Group© A and B) similarity 
and strains were included in groups at the level at which they woro similar 
to. any'member of .group* ■
. In the S*Xf»X»« method’ the similarity matrix m e  seamed in descending 
stop© of 0*1 per cent© similarity* Strains were only included in the list 
at the level at which thoy/wor© .similar, to tho strains at either end of-the 
list© This was the basic difference between SoL»L* and'S*h*0**- since in • 
tho latter* the criterion for admission of &nQ«T«tf« to a cluster m s  .. 
similarity to any strain in. th© cluster and not merely to; the-two terminal’ 
strains*
4» Biagraismitio representation of cluster analysis ; • .
.(a). Itondrograp* ’ Groupings among the strains^ produced by "cluster analysis* 
can he made easily recognisable by mean© of a dendrogram (or diagram of 
relationship)* This-ms done .'using the data obtained by either ’S*b©li* 
method.or’teth $*l*«li« and S®1*0* methods.of cluster analyses* The first .
•. step in. constructing the .dendrogram m s  to dispose the rearranged BOQ.uoace 
■ of ©trains9 obtained by,the cluster.’anaiyste* along tho abscissa of the : 
graph and to draw an” ordinate indicating the range of th© • similarity 
co-efficients at which each' of the various clusters united* Adjacent 
' strains showing th©-highest mutual similarity values were then connected 
by a horizontal line at that ordinate level which corresponded-with their 
mutual similarity co-efficient*' Stem lines were drawn from this level* to 
.-'•the- horizontal base line® Similarly* further ©trains wore Joined by 
■horizontal, linos* at; .appropriate - falling similarity coefficient levels*
This.'process vss continued until all strains m m  linked*' From such a- 
doadrogcam similarities between any. joining stems could be: road by measuring 
the lev©! along the ordinate ;ef: the horizontal line’'connecting the stems*- 
and tho affinities of cluster -to' cluster become apparent* ''For' instance* ■ 
in ih© worked hypothetical ©maple -(Fig* 3) , tho strains-A and G arc 
linked at thefci^i ;#S* .Imel" of 93 per.cent* -and- the ©trains BrJs0 and P ■
. at 91 Until’.the *8* lev©!' of 80 per oentef 'strain.I 'is ua^ouped* ■
■\ ■ - ■ ■' •' ■ " .. ' ;
(b) Shaded similarity matrix : In mmo . cases 9 ©haded" similarity matrices ■
' were prepared as well as - dendrograms® •' in the hops-of demonstrating further' • 
relationships* - f© simplify construction®: only 4  donees of shading were'^' 
-'.cmployodft-.' < ■
e/a
<
80
81
9*
83
84 
95-
97
99
84
4 0
41
A ^ E B T C F D
Dendrogram,. showing., hypothetical wcsrlced example of Single Lihk Listing.
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General Survey
I t -tee already boon painted out ilmt the-object of the Geheral':Surveyt. 
$ade' during £ & y :and. August %$?£$■ vmnto;isolate estemal'.o&d inteBsal.. 
bacteria and yeasts from ooms aeetar feeding insects*& Details, of the .insects 
and specimens m m  m  fdltmmt 
.Mining bo© ( Half etas ^smeattoanelius)
 .. ■   .............   . 0 ;«s»««9«»»e««6ec»ii<ieteees«»
•■.Hoad •«»««••#*«*»**«***«*****»«3 
. abdomen * * * * * * * * * * * * * * * * * * * * *3
'■Total no* of specimens'-©a*********#**^  '.
Buznble boos (Bombas aggorum 5 specimens! ~ ,• ;B* torrontrfs 4 specimens)
llOad oe»«we»***o»*«*®ee« 9
Alimentary tract '9’ -4MS»*4UM*
Total no*-'Of cpccisoiis *••»•*••$••«* '9*
Hover flies '(S.yrphus cbrollae 1'speolmoiii '8* attrieollfe.var* cacidicognis
■£..specimens! S® vitripsanfs 1 specimens 'tmidoatifiod~Syyphas species •'•
1 specimen! Blatyohlrus • alblmtmtss 2 .spceimons!' Kelcmostoma ssalsra 1 specimen)
bissl© body ft************************ 5 '
•HOOd e 9 * ® o e o 9 o e * • « » ® ® e « « e * e e » * 3
Tliorajn abdomen ^
. ■*
Total no* Of GpOClElOJlO *eoeo***®9*«e 6
<* Xb addition* as already statedp one .specimen .each of -the house fly and 
blot? fly mp, also included in the survey-as a natter of interest*
Blow fly (Calllphosa voalthrlg)
H22tl c«eee»e«t««4*«»»«o«« 1
A X i m O i T £ S r y  t m c t  p o o o o o c e o o o c o e o e e o o o 1
:. ffOtell HQe Of SpC©imOnry eooejeeoeoeoeoc 1
House fly (Kusoa. domeptlea)
HilOX© Body oeeceeeeeeeeeeeeecegooe* _ 1 •■’
•total ti©»-!cf'all liieect ep&olineas 28
Hlcgoscopleal,eamainatloo of insect Specimens'-. ..
to 'gain'.some idea of the typos of microorganismspresent on the surface'' 
and in'the -tissues ©f the. 20 'insect ’ specimens used, in- the- Genera!. Survey*
surface washings of the head* Body (ihoras * abdomen) or whole insect were 
incubated as already indicated0 m m m  w©r© ©ad©*- stained by: Gmm*©-method* 
and ©xaminod microscopically^  tissue grindings from alimentary tract or 
washed head* body or whole insect* woro treated similarly oscspt that intm- - 
bation was omitted* It was considered • that organisms •present in . the washings 
should represent the surface flora and those in the findings* the tissue. 
flora* assuming -that surface flora ms- totally removed; by 'tho‘ second'mehing#-. • 
'fable' 4' stsparises ^tho • ©bsormtioas ©ad©#- •
Ho significant ■ difference: me found between « the - mn?ffece. flora of .head and 
body or between the tissue flora of head* body or-alimentary, tract* and the - 
results of the microscopical ©jsamination of washings - and. grindings of different 
sites are therefore not separately detailed*
'fable 4 shows that the yeasts and bacteria ware usually present In tho 
majority of tho nectar feeding Insects studied; CsacHaegitive rods and
'TaBhB 4 ;■
Presence of jeasto,and-bacteria ,in ..0mm»Gtained preparations'.of -surface, washings 
and'-tissue grindings of 28 insect specimens. ,
Host • 
species ' '
If O e1 Of , 
epeci~ 
men© ■-
Yeasts ,' Bacteria:
Bit© Gram ■'+ vo Gram ** V©Eode Cocci Hods, Filaments, Cocci
Mining bee .9:" ■ Surface only 0 • 3 .. I j:/ V:- 2 : ": ...2
Tissue only 4: / ■ o v; : i 0 0 o :
Both surface and ■ 
tissue' . 2 ; 2; ,v.T ;./ l . / : v b ; 0
Total incidence 6 9 9 8 ■ . 2 : 2
Bumble bees 9 Sufface^  only ';. 3 ■' ? ' 0 1 o 1
Tissue-only ' - 0 ; 9 1 ", 1 ■; o ; 1
Both surface and 
tissue ; ' 6 ' • 1 8 ? ■ o o
Total incidence 9' - . 8 9 9 .■ 0 v-.2 ■ :
Hover flies, a Surface' only, 3 2 ■'•-.•I'.' ’■ .3 2 2 '
Tissue only ■' •' 3 . i 4 ; ■ 0 : 0
;.. :V\ . ■/
■Both surface and . 
.tissue 0 . ■: 0 , 1 ■■ o o . : . o ■'
Total incidence : 3 ■:5y: 7 ■ 2 . 2"
B^ ovf fly . Surface* only", o 0 0 o ■ y'.P':-S ■ 0
Tissue .pniy-V- 1 ' 1 ;;'%'■/■ 0 / -■./ 0
Both surface .and- ■ 
tissue"':. 0 0 0 0 : O ’V. . ■.0
■ Total incidence ; i 1 1 1 - V 0:\ 0
House £ly: ■' 1 Surface only . 0 0 i 1 G 0
Tissue only 0 0 o : 0 • o 0
’Both surface and- 
tissue . -/O • 0 0 0 0 ; 0
Total incidence. .
.. .............. j■ 0 0 '
1 ;-v. 1 0 ■ 0
Total incidence in 28 insect. specimens': 22' -• 23 '26 ’ 4 / 6
Table 4 cent
*' Head --surface only ■
'•, -Hotel Figa res given ere the- numbers of, .specimens In -which the particular 
group of oripnlems occurred®;-
and Gram-positive cocci being particularly common. It is Interesting to 
note that (tem-negatlv© rods, which'.occurred on -both - the surface and in the 
tissues -of ? out of 9 bumble bees* wopo observed only on the surface of tho 
same number (t ;out of 9) of mining baas. Grma-^sitiv© 'cocci wore almost 
always noted both on tho surface and in .the tissues/of ..bumble bees (8 out ©£.
9) and mining 'boos'(7 out of f)® In hover flies? the distribution of'both'
. Geam-siegative rods and (tem-positlve coooi.Wtwbeii sur'lkc© and tissue chowbd ■ 
no regular pattern# ■
(tea-positive rods war© observed in 8 out of 9 table..bees* being mainly 
present in. tho tissues* These ov^ninmn were less .'frequent in mining bees 
and hover flies than were (teSH&eg&tiv© rods-and Gram-positive cocci®.
Yea etc aloe wore commonly found both-on tho surface and in the tissues • 
of the majority of the neotar feeding Sneeols. examined.' (tea-aogativ© - cocci -
and filaments ware recorded .only seldcof when present they were almost 
always on the surface® .
Those - findiagswer© largely related by-, the .results of cultural examinations* 
and will be eomaontod. further'on .in dut -course® • -
Cultural examination of Insect • gpeoimons
Comparison of value of different media and culture techniques* Table ■ 3 shams 
tho different culture media and te©fcai<pee used in the General Survey*
Considering the. habitats' of the insects ©saminod* it was realised that the 
different groups of E&cro-or^ tolesas occurring in them might grow.-at 'temperatures
' 'BSLS ■
Summary of isolation made on various modi$.
Medium or culture technique Ho. of . 
cultures 
fed© (c)
Brain heart infusion
Brain heart infusion n^utrient agar
115
21
Brain heart infusion^— ■— b^lood agar 39
Cooked meat medium (anaerobic)
Cooked meat medium (anaerobic)  ^nutrient agar (anaerobic)
Glucose/nicotinic acid/salts liquid medium
Glucose/nicotinic acid/salts liquid medium nutrient agar
Glucose/nicotinic acid/salts liquid medium malt extract
, agar
.'Malt honey, broth ■
Halt honey broths b^lood agar
Honey broth
Honey broth. blood agar
llutrient agar (anaerobic)
lutrient agar
12
1
12
2
2
16
10
5
5
from 28 ihsc
!' ' . ' ■ *r. \ ■ . ■'
i$T6# of. 
[cultures 
; yielding 
[any' -growth..:' 
(a)
'[■ 60
['18-’
[* 5
: 1
! ■■■'.
! '1 ' '
[ 1
4
i— 2",
!■-2 ■ ’ " ’ I
i  ,  .
I ' 2 : . ■“
1:."
K'lP-::
i. y. ' ' • ■
°.:- :;:-'
! 2
5 (conti nued)
Medium or culture technique ■ 'lo.' of. V 
: . cultures; .
' ' mde -(c)-■ ;
vl0.;'0f?V::v 
• cultures 
yielding : . 
any growth
; iS ;
'Blood agar (anaerobic)' 12 0 ; ? v
' Blood agar ' 44 ; 19
. Charcoal \ choeolato'', apir,: 12 5
''Honey, agar; ;v . . 16 ' . 7
Malt extract 'agar '■■ 12
Malt' honey agar (anaerobic);, 0
.Malt '■■honey/agar 21 7
Bogosa:. agar. (95?: H2 *; 9? Cog) ■ 12 - ? ;■,^ ■0
Bogosa agar.'-;: ; : , 12 |': o ;
* Strains which grow on several types of culture nodia 
notes Arrows indicate inoculations of liquid cultures onto solid media.
ranging from 22°C to 3?°0* and for this reason 30°C was ©hoeen for incubation $ 
as being approximately in tho middle of'this, range. •;• '^ wo ratios g/© and i/o 
wore used (where g*.m* of cultures yielding .any growth* -e * no. of cultures' ■ 
'mdej mid 1 « -total number of isolates) % both of -which'indicated the ' 
ability of a culture modinm to support’ tho a?owth of isolates# -. ’ .
■ Brain heart infusion and honey broth wore found tor support th© growth 
'of a larger-number of ml©r©«or§Miiems than any other liquid'-medium used. Where • 
initial cultures were made directly.-onto a solid medium and further purified . 
on the same asdiua. blood agar appeared t© bo ..the most' suitable for supporting .'. 
'tho 'growth, of;isolateej;nutrient agar* ©bareoal chocolate ag&r and. honoy ;agar B 
being more.br. less’equally, uooful. Only one siskin'(noV 21® a CSeaa-negitive' : 
rod) was obtained from oultiires-'inoubated anaerobically# ..
Results obtained on. cultural examination of insoot speeiaohs. tfeble 6. shows - 
the incidence and fable7 the number of isolates of .yeasts -and different ■' 
groups 'of . bacteria obtained 'during tho (kmm&I Survey®'■ Some bacteriar 
including those resembling * Bacterium eurydioe* f -grew very poorly or not at..
.all -is or’ on .any .medium except honey, broth and honey agar.. Othersv. including . , .
• • those'' resembling *Ohrogsteeterlum. typhiil&vua*■ $ though' able io"gtdw on' other- 
. media9 produced mucoid -growth'only on honey agar. ; ..These two-groups-.of.bacteria w 
will occasionally _.b© referred, to as honey adapted# ..
. Cultural. ©lamination/like mibrosoopioal. .examination*- showed no sigaificant 
-..difference between the surface flora of head and body or. between the tissue 
. flora of head* body or alimentary tract# $he results of cultural' ess iln olonn '/■ 
of washings and grindings of different sites r$m 'therefore not dealt with' - 
. separately. • Sables. 6 and 7 display a number of .'points of Interest
IncMone© of-yeasts and different gjeoupr of bacierl&g on..theeurfac£&nd in .th©A
Host species ■ ■ !lo# of
■specimens
Site;
; Toasts"
Bacilli; -j 1
■t :
Otl
Honey adapl
Mining bee,,- _ 9 : ■ Surface' only . 2 |
, •‘Tissue only :- 0. -'.;/ :.;V.
. : 1
0 0 ■
■ Both surface and tissue. :: 0 ; rA.',-
; J
\',:0 j . 0
Total incidence 0 ::2 ' I 0
Bumble ■ hoes ■ ■ " 9 ; ■ ■ .Surface* only ' : 0 / 1 .: • 0 '
'-Tissue'only. : 4 ■ :'V ;-
Both surface and tissue ■: 2
> ~\ 
1 j / ; 0
Total incidence:- 3 ■ J ; 5
Hover flies 8 Surface only o ■ ■: 0 ; ■
Tissue only 2 / V- 0
Both surface■and■tissue: 0 , : 0 :j 0
Total incidence 2 2 0
biow fiy ....-i'-: Surface*4 only / 0 ; 0 0
Tissue, only ■
:v:\
0 ,J 0
Both surface and tissue 0
.
L 0 .
Total incidence 1 f - O - : 0
.House fly ' ■ ,'.X... .-Surface only . ■ 0 . :
■ 0 1
0
"Tissue only- - 0 '. ■ 0 ■- 0
Both surface and tissue 0 .V;;y . /
’ 0 0
■Total incidence ../■■■o', ■' O !. 0
Total incidence in 28 insect specimen©. v:' 9 - ^ : ;!
& Hoad surface only ■ ■ v-:. ; I ;
notes'- Figarss given'are the -numbersof •.©pecimoilo in'"which th© particuClar''group of
. was isolated)*
r, TABLE f :
Sumter1 or isolates of jresstE and different groups of bacteria obtained from tbs; surface ani
\ ■ Yeasts' ,-
Host species Ho* of .
-npociffions,
/-’Site . 7 . - ' . Oram * V©
Sacilli- ..-;- Other rods : - 1 > Fila­ 000
'Honey ilon-horiey ; 
adapted adapted ,- : j
ments
Mining -I)©© . 9 Surface only ■ 0 ■ .3 v : .0
i ^ . s 
0 -j<■;■■ . j 1
6
tissue ©rily'-/ •■0 ■■ 0 ■/ ’vo/:';' 3 - i
6 ' 6
Both surface : 
and-tissue 0 0 ' ■ 1 : 0 0
-Total Isolates 0 '■K?K ' K  . ■:.' • . 4 i - 12
Bumbl© -'boss': 9- ■ .' Surface only^ 1 K5> ■.'" '.O' . ■ 2 - ; 6 ■' 3
Tissue /only. , .? - 2 . 5 l! :t 4
Both surface . 
and -tissue 1 0 ■» ’' ' •.v '
0
Total isolates 9 7 7 l! 7
Ilovar flies / 8 Surface only 0 • ;2' ,
• -V-'
-KC-■ r - - ' o O') ' '"3
Tissue only 2'' o
v' - “ ‘
0
' : 
.0, I
'-Both surface - 
'•and;->tlsBU©' ' 0 0
■ - 0 ^;0! ■ -
■ I
0
Total.isolates 2 - 2> : 0 o ' Oj ' 4
■Blow 'fly 1 , ; .Surface only& O' • 0 o 0; ; 0
Tissue-only".. 2 0 !Q 3 ;■ ;V .:' OK' 0
Both Surface 
and tissue 0 0 .0 * ■■ o 0 0
Total isolates 2 0 o ;' - 3 .°! 0
House fly . 1 , Surface only'/ 0 0 ■:.;:0; -'K-V;
t ' 
! 0 ‘- O'
.Tissue only o 0 „ ,-;P ■;'/ 1 . 0-; 1 ,
' Both "surface 
. and■tissue 0 0
' *■ * ■ . ‘
o' k ! 0 ; 0
Total Isolates 0 0 ■ O ' - - o -.'-v i 01 1
• Total* ail' isolates .obtained from 23 
insect, specimens . 13,; 12:'- ■\y/m  /
n f
*" : p 1; & i 24
JLW4*
■Head surface only '.
'•Hot©* . Figures .giyon-are -the number;of isolates- of..the .particular 'group 
of organisms which occurred in different sites of a host species®
Both tem-ncgativ© and-• tem-positlye fconoy. adapted' rods mvo observed only ■ 
in baabl© be os» the former being present both on the surface, and in; the.
tissues .whereas -..the latter occurred, only in the -iissuee* ■'. Although the. /..;• . 
incidence of tem-neipilya and .tern-positive, rode in .humble bees was more or. 
less /the tern©,. a .greater variety of,tem-ne^tiv©.rods/ was obtained* of the' 
58 rod shaped tectorial .strains Isolated from bumble bees* 41 ‘wore, tern- 
'negative..and If tern-positive, ;0£. the’ three different, groups'..of nectar . . 
feeding'.Sneeots examined,. bumble tees yielded tho greater, number .of cultures ' 
of: yeasts and teoteria,/■. .....-_ ...
\.. On.comparing.the,.results.of cultural ©xamlnaiione .(Tables' 6 and f) with . 
■those of mlcroseoploal esamimtioas (dbble 4) of. insect specimens* tho follo­
wing points -become .apparent.' With, two exceptions,' namely* the' strikingly low 
'incidence of Gram-positive cocci in bumble:bees and the eomplet© absence of/ 
yeasts from mining tees, cultural examination showed a similar pattern of. . 
the Incidence of different -types of mlero-orpsnieme in the nectar feeding ' 
insects examined as that shown by the microscopical., exasimtion* ■ leasts, 
.teGHi'eptive rods, tem-positiv© rods and tern-positive 'cocci were found to 
’be - somewhat less-frequent on cultural examination than the results of tho ,
. ©ierosoopical •©samimtion ted shown. It' may. h©' pointed.out that, as far as 
the incidence of-different groups of; micro-or^nieas are concerned, the :V 
■results of the microscopical .examination should be considered moto reliable' 
than those of the cultural examination since it is unlikely that the media or 
culture - techniques employed 'wore favourable for the gtwth. of ail .of :the'.; :- 
.organisms noted daring the microscopical examination*
' Studios by-Stoinbaus hay© -.tihorm that the baoierie. isolated from'
a' variety. of. insects: consist roughly of .40 to • *50 per cent*' -tem-nogativo' • 
small rods,■. ‘%5rto-2$ .per-coat* tem-positivo' spore- forming -.rods*, 15 to 25 / 
per .0'8Ut« fr 1 -oositiv©• 'ooooi$..10; to. 12 psr cent, ..Oto-positiv© small rods,' 
and lower ite^ osntages -of' spirilla: and 'other, forms*: ffa© data of tho present 
'.islcrosoepieal an&.'©uliural.. oxamteations of. neeiar-feeding inooots are itt-;"-:' 
'.-fairly close agreement-'With .the' above figures* •' - :.•'•/ '' •
Characterisation of 102 ‘bacterial strains 
isolated inthe General Survey ■
Preliminary note '
102 strains' of■ bacteria taken-from 136 isolates of bacteria: and yeasts ' 
obtained in the General" Survey were studied -by a variety of -morphological,, 
■cultural and'biochemical tests© The details of isolation of the 102 cultures ' 
are .-'recorded in Table 8© - They include: 56 .strains of tem-acgativo '.-rode* V 
, (including ooocobaeill1V 24 Oram-positive ■ cocoi,' 11' Gram-positive spore- ’
■ forming bacilli and'11 other Gram-positive rods (including cocoohaollli)«. :.
■ The remaining 34 isolates, which were not-- included in these studies,/con­
sisted --of 1 3-strains'of yeasts,' 10' ^ tem^e^tive.-and; tea-positive filaments, 
4 strains' each of Oram-negitivo and tern-positive. rods (including one stein 
of Bacillus species) which were emitted "because they could not be recovered 
from the froose dried preparations, and 3 strains of Gram-positive honey 
adapted rods which wore later included in Group B for further studies©
Morphology
''Morphological properties of:tbs 102 strains'are detailed in Table 9©
They were obtained by microscopical -Semination of Oram-stained preparations© 
.Motility was examined - in hanging, drop preparations of 18-24 hour peptone 
water cultures©
Shapes else and principal arrangement of cello© ' All. organisms for- which m y . . 
degree of 'tern-positive reaction was noted (Table 9) will ho regarded .as. 
Gram-positive in the subsequent paragraphs© As previously stated, the length 
and diameter .df a single cell of a'particular strain whose sis©'appeared' to 
-represent that of the majority was measured* Table 9 shows that, the length. " 
of the (IranHhegative"rods'..(with.one exception,' strain 84) varied between
■ "sms-8
Source dotalie of the 102 bacterial strains obtained in.tho General Suan?e^ «
'Stein'- . ■ . ; ' ■■Hoot1-. ’ ; " . Site
Ho*  ^ :
' Spoeiee '■ Xiof*
- iio. . ■
a Surface/./ -\Tiesu©'
2 . I&llotus m m t t e m m l l m 2 . 'Whole body: ' . (’ '
;:3".- rr o ■ V 3 ---:.
, /«' it
4 t? if - :
« «*
5 ' If ■ fS / 4 tt if
- 6 : If ' fl 1 ■" . . H» . V-
' 7 ,. f? if ’ .. ..." 1 *i u .
I? ft 2- - fhel© body
9B ft If : 2 « ; It. ■
10 n tt i •*f HMUM* • tt ft
n If IS 3 ft f#
14 » «! 5 ■ ; -- ---------- - ' ■; . . IS •'■ it
15 ■;. f* 1 I? ft
m  .■ it . . ;u 5 it ft
1?8 n ■ ■ si / 5 ■ H.... '■ ,f
XSi Sygphus sp» 9 unidentified 7 ■ . Whole ho%
ISB ; ** 11 ■ . 7 ' - «• **-
19 IK It *|» - U f« '
j^(*l ft  ^  ^  ^ ’' . . ' ‘ ’im WIW .
21 ; fl « . . T : .:Wlioa© body
22 Ballctus cmeathaanellus ■ *5 Whole body ■mu—iwigniwratfOT
23 • . .Httsca, ctcmostlea 8 ■• Whole body
2$. ' Sygplais oorellao 9 ° 11
ffi.BBE 8 (continued)
Strain ■ Host- ' • - Site; ■ : ■ _____,
ITo.
■ ■ Species ' Bef• ■ Sar&oe fieeue
, - ■: . - .  . -'go, ■ ' ’ . . .
: 2$ ’ Htisca dgmectioa . . ' 8 .»«»— ,— ■ ''■■■Whole .-body
27 : fi- <f' 8 -— —  ■ ' . » . ■«■
2B ' . . , ° : ” 8 — «*•»■ ■ w w
29 Syrphae corolla© ■ 9 n . f*
33 « *’ . ' ,9 Whole body . «■—■*■——
34 ■•■■«* « . 9 14 «’ ..: ■ —
" 35^ - 'Syrphn© augicollle var*
■ ■ - :moS5Sco3?iile 11 11 ~ -*1- ■ ■
35B ' , V  « « 11 44 44 . — ‘— ■
36 l.lusca domootlca 8 .-Whole body .
40 ' I&lictus eaeathmanollus al? . ' Body. :■
1 ■ ■ 11 _ fl 3*3 ■■uwrjuwiwrr ^
■ 42 ■ Calllphom vomithrljg 14 *—  Bead
'43.' tt . ■ ;** .... .34. —  'Alimentary tract
" 44 ■ .V; : » •' ’ ■« / ■ 14 ■ ' . fS "'tt
49’ *} ' ■ . 44 . 1 4 ~  , 11 '■ M
'48 Ballottis emsatkiianellue15 —1 .--'Body ;
49 ;■« ” 15 ' Body .«.—»— « » .
II II 39 tt ' wwwaumi
93 . ft ■ ■ 17 Head — . :
93 : . ,'V '■« ' 17 Body —
54-,;' ' ” l} . ,17 M *—
99'-Vi ■ « . ■ *} .1 7 ■ Bead — —
' |7 ■ ^ immmmmammt***
97/i . ■ Boabus terrestrie 18 — . Alimentary tract
5R.BU3 8 (continued)
Strain
!?©»
Host Site > MM 16» I <
Species Bef*
Boo
.Surface Tissue
57B v . Bemtms terreetris
; 58 ; ;; - 14 - i?
59 ; . '0 « -S
60 ■ « -.tt
61 ■ ■ ti .
62 ; ft . it
63 ■ ,s i
64. - ’ tt . i? ■-
65 Calltphora vomit hi
66 Bombus terrestris
71 Bombus af’Toraa-
72 «
74 fi ..-".It \V
75 tt
76 it ■ tS
77 it ft
78 It 1*
79 ' tt ft
80 »s ft
81 « 15
82 « ■ ft
83 Bombus terreotris
18'
3.8
19
.19
19
20 
19 
19 
14 
IB 
28 
28 
2? 
27 
26 
26 
25 
25 
24 
24 
24 
21
Head
-m
tt
Alimentary tra ct
Head .
. , fi
Alimentary tract
II 15
Alimentary tract
•r .u.x *»
TABBB 8  ( co n tin u e d )
Strain Hoot ■. ■ ' ; . Sit©'
Ho© : :ir “ “.
Species' ' Hof a Surfac© .tissue '
. . :; ' -'•■■ - . Ho©' • • ' ■ . ' ■' . ■:' . v'- - •
86;. -Boaibus terrostris - . 21 ■ >»— <»*»>' . Alimentary .tract
.8 7- 21 "Smd,; .
8Q ' .ft . fl -ft eawewMBewww
.,89" - . ' : W 19; ' 15
■9 0 - ' ■« /■ ■■« . . 19. ■ M
..92 : ; 44 ' : ** . -;X9 . . y. —
..93 ■;■; ■ w _ :. •»;'■ . 20 ', . « — — - .
95 ■ — Sl ■ ■ 19 - *— «*«,. ' Alimentary : tract
96 . *». ' » 19 <******•»» ■ « ' «
98 ■ ' .Boafrus a^ goram 26 . •■..«»'.■.
99 « ■ ■• 26 — . / ■:f? ft
100 . V . <♦. .26 : . «?. " ■
101 ” ;■ ./ * ' 26 ■ — — .. *»' .■■;«
102. \ ri 26 ■ ~ * ' «* ■.’ >
103 . ; . f t ■ ft ;■ ' " 26- ' ■  >«6^ »  - « *V
'W4::: ■; 14 ■. ■■•■'■ 28 : — ~  « - ,f
105 ' ■ 11 ....-26
.106 ' fl 26 ' ■ ■ ' ■ 45 ■ ;: w
109: v  - "■ ■■■ ■ ■'* ■ :27 . ■ —  . ,; 'xfead-
HO".- '■ lf ' .„■ ■!|t 27 Alimentary tract
Strain
Ho.
...•Species Bof#
I©* ■
• . ■ ■ Surfam • ■ . .fissu© . .'
1X6 ; . Bombuc terresirie . 2 1 ; ■ ■' 'ia jtasni&vy.. tmct
120' -. Bombue aggpgma ■ .25 • ' : • - : .Bead :
123 « » . 26 ■ Alimentary tract
124' : ■ 26 ■ttf.nrwitmji .it . <5
125 ■’ «-' 0 2? . ■ Head'
126. ;: tt / « . 2? ■ ** ■
12? ' ■ tt ' "«» . 28 . Head ■ > ‘i w 'W<n >wi •
129 .♦?••. ** 28 Head
1*0 a ft 28. , Alimentary tract
Hotoos
Body *»thorax * abdomen
Hal lot us mmtbmmtim » mining boo 
Syrphns tspp* f= Boverflieo 
llusca domestics » Elio home fly ■;-• 
Calliflhoga voaltiigla « fhe' Mow fiy
Morphological properties of 102 strains of Bacteria isolated in the 
General Survey*
Strain Dimensions {is) Eatio Intensity Principal ■ tH mns ■
i f !
ft 8 ^0 t. a A O O
' 3^
Ho* Loagfch Diameter Length/
Dismiss
of Gram** 
staining 
reaction 
(estimated) -
eel!
arrange-
meat
£3O
Pi
- am
KfP
a
■g
; tS-
2 ' ■l«?5a .0*62. . 2.82 '0*08 ■ SHI. -■ 0*15 «*» *
;% 1*46 0*45 3.23 ' = . 0*10 - <so 0*30
4 ....0*75' . (1.00) 1*00 ‘ GEO ; :0*25 '
.:5 . #' ■ 0*52 (1.00) 0*40 (HO ; 0*15 *UA ■ ■ ' *
6 : 2*3?' 0*62 ! 3.82 0*00 SHI 0*35 «**• CS»
•' ' ^ ■ # : '■ 0*52 ■ (1.00) 0*20 ■ (HO 0*1 0 ; * «N* .
9\ ' O 0*90 (1.00) 1*00 SHI. 0*15 <S& «s»
9B- « 0*82 (1.00) 0*98 . mo 0*70 -
10 "■ 0 ■ 0.60 (1.00) 0*30 mo -0*20 « r.
■n-; ft* 0.75 (1.00) 1*00 : mo . 0*25 - * »
14 1*50 0*60 2.50 ,0*00 (BO 0*3 0 , *P»' «a>
; 15 -' # 0.02 ; (1.00) 0* 60 mo 0*25 V « a
: 1TA 1*50 ■ 0*45 . 3.33 0*35' .■ mo 0*25 ■
■17B.’ : '- 1? 1*00 (1.00) 1*00. GEO 0*00’ ■ ♦«*
1 B I i®s? ■ 0*60 ,3.11 -;o.oo . GUO 0*40 -
16B ■ ' # . . . ,  . 0.97 (1.00) 1*00 GBO ■ 0.15. *•» «M9
19 0*94 (1.00) 0*85 ■ OHO 0*70 -
: 20 o«75 ■ (1.00) 1*00 GRO 0*35 - #*»
■'a:-; 1*48 0*22’ (3.72 0*00 SHI 0*40 -
■■■■ 22. ' 3U33 ■ 0*60 2.25 0*00 , SHI 0*25 - -
23:. V '2*10 .0*90 3.00 0*00 c m 0*30 cao ♦Ml
9 (continued)
Strain.
t'i0e ...
Dimonni
Length
one (a ) Hatio ■ 
Diameter ■ Length/ .
: : Blaisst©r,;
-.Xhtensltjr
' of Gram- 
staining '; 
reaction ■ 
'(estimated)
.Principal 
cell- 7
-■arrange- , 
Kont
, ■ K—*. .
<U a ©■■ 
0 -g
0 p-t s
I ' p i ,
M B S
Tt ;
- ts © Fi■ O: P-s-. V2.
pj
S■■ ■ r**'
■ - *P O. £3
0*90 >0*45 /: :.2*00'/ / ; "0*00: / ;/SH ; - 0*35 ■: '■ ■ «B* •. .V -
; i * i 2 / /  3*02' ': , . "0*00.1 v V ; ;:;0*65:'V •
■ W - "0*75/ ; 0*3?'; :-, / /£ i0 2 / \ 0*0 0 v .OHO ■ ■ 0.7 0 ■ :«Mr
"28 ■ $ :_;0.60 (1*00) -.-'cap. .... ■0*15.. . «v
: 2ft .■ y- 0*40 (1*00) .0*60, OHO ; - p * m  - 4B» «» ‘'
. . j i v :... 0*60 ■ : 0*35 mi . ;;of25; . 4. -
' .34 /V- 0*75 0.37 ' 2.02 V. ■ 0*00 ■ 080 / ■'. -r 0*40 ”; 4- ■
35^ ,/ 1*50 i:'0.45 ;■ -3*33;/ 0*00 GBb ■ 0*30' : ^
3513 .. 1*50 0*60 '■■'. 2*50: :> i  0*70 ; y SH0: ' ' .0*30' y : >y
"'36 1 * 2 6 0*45 2*O0r ■ ::-\rPm(X3l [ GEO ^ 0*40 mm -.«■*
:*4P ■X»95' •:’0.75 7v:.2*60; '-y:70.70."'1 :;ML 0*45 -
'41; ■■■ .1.50. /o*52. ■■'.'2.88: V 6.85 cm; :-0o7O ' - -*» -
42 . Vl*35 : 0*67 "■*■'; .2*01'./ - " 8*85: mo ; 0*40 -
- 43; V ■ 0*60" :o*37 ; 1*62'.7 " .0*00 / sm / '0.45 - ." ' ~
; 44:; " 1*50 : 0*58 ; :- ; 2*8' ' ' . 0.00 . ■ OHO.. . - ■' ;0*8O. «a
45:'/ . 0*90 ; ' 0*60 . 7 1*50 : ^71*00 - mi / 0*15. ■ « mm'
:4B ; ;:i.50 ■Pi52'v 2*83 ■ 0.75 ORO 0*70
49 :'/: 0*82 ■ 0*30 . • "2*73" 0*00 CEO ' ...0.*4P «Kt> '
. 50' &; 0*75 (1*00) 0*60 GEO ■ ' 0*35 ■ ■ - W O
y'5l 0*75 (1*00) 0*40 OHO 0*65 *C» -
53 2//0 1*20 2*25 0*98 ora 0*20 •f er»
v.54 1*50 0*60 V 2*50' 0*50 GEO 0*35 4-
■ 55 ; : # . ■ 0*50 (1*00) 0*10 'mo 0*35 ' «s»
 ^\ A* ItU IA /
Strain I&aonsions (jn) ■ Ratio Xntcneity 
ilo* Length Blamotor ' .of t&ata-
Mamotor staining:
■ reaction. 
(cstloated)
Principal %
cell
arrange*
Eont
*h -*d© r£3 © - ~,.p
©
m
o c 
«S © ■Pik>
56 1*50 0*30 ■ . 5e$0 ■ ' 0*00 mo . ■ 0.25 «** . *$*
sm ■ ; 2*25 •0*75 3*00 :‘ 0*00 Bill . 0.70 : ; ■ r ’- ■ •*4V
57B • 1*80' 0*60 ,3*00 0*00 PAL 0*20 ■; 4.
' J?8 0*50 0.43 2*00 0.00 . am - 0*35 . ’ «*o
39 ■'■ ■ 1*5$ ■ 0*30 5*00 0.00 mo ■ . . . ■ 0*29 ' : 4*.
60 0*90 0*37 2*43 0.00 SHI ■" ' 0*15, :, 4*
61 0*75 0*60 1*25 1*00 mo ; :- 0*15 <#» ' «w
62 1*50 0*92 2*83; . 0*35 ; m  : 0*25 *£‘ H-
m 1*8? 0*52 3*53 0*50 am ; 0*45 jt. :*4*
m 1.50 0*3? 4*05 o*?o SM ■ 0*15' *»
" 65 ' 0*90 0*37 2*43 ; 0*00 : ®o;. " 0*35 ■ -
66 3*00 1*20; 2*50 0*45 . ; m i ; 0*35‘: ' •at* . •V
71 0*75 (1*00) '; 1*00 - ■■(SO' ,; oao *
72 ■ .«■ : 0*75 ■'■■. (1*00) 0*70 OH O ■ '.0*10, ' « m#
• 74 0*75 0.45 ■ ■1*66 ■ 0*00 . m 0*20 ~
? r ■ 1*05 0*52 ' 2*01 • . 0*00. 'am . ■" 0*20
76 0*75 0*45 1*66 . ' ,.0*00 mi : 0*20 va> : *■
-77 0*79 0*45. .1*66 ■■■.■■■; 0*00^ ... m  ■ ■ 0*20; . *0
?8; 2*47 0*52 4.75. • 0*00 GR0" ; 0*40 *1°
79 , 1.50 0*73 2*00 0.00 SB! 0*45 *
60 0*75 0*45 1*66 ' 0*00 am ■ 0*25
. 81 .; ■ 0*9$ 0*45 2.00 0*00 SB! ' 0*25 ; ~ 4*
82 1*8? 0*73 2*49 ; -: 0*70 SB! ’ O.50 > -
"§3 . 2*02 0*75 2*69 0*00 am 0*35 4.
Ho
ti
li
ty
9 (continued)
Stein Mmensiono__
Hoo Length Diameter
10$' , e025 '0*75
Eatio Intensity 
Length/ of tern- ' 
Biamoior staining 
■ reaction •'■ 
, ». (ostlmted)
■3.00 ■ ji©Oy
■Principal
■coll'.;.: 
arrange­
ment; /
CIB9 '■■>.
• 84
■'85
86
8?
; 88 
: 8P
M  
; 92
93 
. -95
•'■■ 98 
9® 
99: 
•100 
■'■"■101 
102 
;" 1 0 3  
104 
10$ 
ms
109
no
112
113a •
1138 ■
5*89;
0©52
'0.52-
2«40
2*62
■2.24
3.00
%24
0*92
i.1'2
1.12
0,75
lois
0^90
0*45
0»75
0©75
2e!
0 * 7 5
.50.
.0.97'. 
Ge3?' 
..,0.37 
■ 1.12 
1.12 
0.97 
0# 60 
0.fe
Oo 3 7  
Do 45 ■
0.37
0 * 3 ?
0.45:
0.37
0*45
■O..30'
0*45
0 * 4 5
0*52
0«<*5
0*75
0*45
0.90
0 * 7 5
0*45
5*88
■1.40
-'l«40
■2.33
■2.30
5*oo 
2.73 
1«40 
1966 
3*02 
3*02 
■1*86 
3*02- 
2*00 
1*50 
,2*O0
1*70-
1*66
i.oo-
.©66
(1.00)
3*33
0 © 0 0  
. . 0*00 
0.00 
0*95 
0*95 
0 © 6 0  
. 0*50 
0600 
0000 
0.00 
. OoOO'
"=o.op
0©00 
: o«m 
0*00 
. .,0600 
00 00 
0600 
00 00 
OoOO 
1.00 
0600 
O®40 
:1.00 
0600
■s m  
as? 
" m
■ GEO 
•■OHO
■ ’. mb 
.',0®;
m
■ 0EO 
SI5.?
mo
‘ SB?
* SB! 
JBJS
; GE0 . 
' CEO 
/" sivi
'set
SB!'
' 03.0 ■' 
■QBO 
'CEO '
mo
GEO
A
0©50 
0©1O ■ 
O©20 
'.0.20 
:-0.20'; 
0*35 
• 0*55
■ 0*20 
' 0»20
' /:0f 30': '.
,vO*42,.;
■ 0642
0©30;
0*45
0*40
0*55 . 
" ■ 0*35
0.20  •;
0*50
0©2O
o«50
"0#30
0«?0
0©0D
0 ^ 0
TABLE: 9 (continued)'
Stein Dimensions On) Patio ■. Intensity Principal
ch m o b ©♦H© rC ■©G PiB f-i H «rt ■t;) c «?» ■ o p v,A o oO w
r~»P<
m■ © -
fco
«jHI
No® . Length Diameter.Length/ of Gram- 
Diamotor. staining 
'reaction 
. - (cotisBted)
coll
■ arrange­
ment
I,
, *-!
v »r5
: ■ P'*r?rt . •
m , v  r 0®37.’;:' 3.02 ■'■.: ;o©oD - OHO 0©50. -■ «3S - 4* ;
120; & ', 0*75 (1.00) ,; i.oo • GSO 0®30 - Oar . ~ ' :
123 i M y  ' 0®3? 3.08 ■■■■’ 0#00;v'....' OHO/ 0«42
X24:;' '■0®97. V: .0«52 ■1.86 .. ;0®0O/:' BBT 0*30 - 4* ■
125-fV'--. 0«40 ■ 2.42 ; ' 0.00 SB? ’ 0.20 4 ,
12f . 0.?5 0.45 1.46 ;> . /vo.oo’ : O T -'■■ : 0.25 ■ 4""
127'.' : '# . - 0.75 (1.00) mo y 0.20 *w -
128 ' » 1.35 (1.00) r-\.0*98;' ; OHO : 0.35 ' «ta «K»
130 o*?5 0.45 1.66 0«00 :. sro . / ■;0.20'- 4;:
Botes8
1© - «■ Hot: examined^  since 'organisms noted thus vmve cocci* •
2®;...la the case of.<h^~staining reaction the results are recorded in 
• numbers ranging, from 0.0 to X.0§ expressing "the estlia&ted degree 
. ■ of posittyene'ss$ the;/degree of pleomorphiem • observed ■ is lionise 
_ recorded in the' range 0#G to.X.O©
3®.. SIN ® Singly! -.GSO «'Grcmpsf' CSl'».Chains! PAX « Bairsf >
:, PAIt a. Palisade. ■.
0*45/u and 2.7/u and the diameter between 0«22/U and 0.9/a« Gram-positive 
rods5 including Bacillus epp*, tended 'to:bo. somewhat. largers their 'length ; 
ranged from 0. 75 p to 3*0/u mii their diameter from 0*37^ 5 io 1*2/u* Oram- 
positive cocci varied ^between ■'0*52/u end 1*35/u ''in .dicAmeter* '■ .Phe Cram- 
positive rode. (including Bacillus npp*) were g on the ;.wbole*.' 'somewhat ■ more. .
■ slender tten tl e tem-negative'bneet’' ' the length-to-dlameter ratio of 77 per‘":' 
■cent* of-the ■ sir''xnS: of the-former, ranged-.from 2*01 to 3* 33 and .'that'--of. 80 ■ 
'per cent*'•■of. the latter^ -from' 1*66 '.to' 3*33® ■ iFive'. strains of Cram-nogative .y 
•rods and. one. strain .'of -Bacillus- species were -more- .elongated! the length~to«: 7 
diameter.ratio varying between 4*75 and 6/72.
'..Ch?aEHaega.tivo and Oram-posiiiv© rods were'usually:straight, with.rounded .'" 
ends and’:war© 'commonly arran^d : in-.groups or singly^  but rarely; in chains ? A . 
palisadosy or 'pairs* ' .Gram-positiv© cocci \?©re; usually arranged in-groups*
Blconorphicm. Pleomarphtem observed was 'on. the': whole slight-to moderate* ; 
..Biaea-strains of- Gram-negitive 'rods'- and 5. of '.Gram-Positive rods (including. y 
a Bacillus &tr&in)v/8hatfed.marked variation 'in. both 'eise;.and; shape* indicated' ■ 
by'numbers ranging from 0*5 to 0*8 (Table 9)® 'Four of the Gram-positive cocci 
also -showed a similar: variability in “else*
Motility* - Forty of the 56 strains of (Seam-negativ© rods-were 'motile* -All.
' Bacillus strains® with the .exception of 53 and 8?s were "motile and all other -. 
Gram-positive rods?.'except strain 66* were non-motilo* ’
Cultural characteristics*
:.'As-.previously stated5 all: strains, wore incubated aerobically, at 30°0'for. 
the;Investigation ‘of cultural, characteristics9 except'for the estimation of
growth temperature range for which temperatures of 15°C, 25°Cf 37°0 9 43°C 
and 48°0 were also.used* The results are given'in Table 10* ■ _
Giant colonies® The t o m  * giant colony9 requires a brief espl&n&tion., since 
its meaning is not the same as in morphological work for which it was. introduced. 
. It . indicates surfae© colonies developing following point inoculation with &-.■ 
straight wire ©barged with a ©stall quantity of plate-culture! stack colonies.'- 
tend, to lav© dimensions and a rate of-growth which are. constant for a given , 
strain# .
• After 84.hours'-growth on 3*0 m$a*. thick nutrient agar plates, the colony 
diameter of the majority of the.. CragHaegativ©' -rdd©. (45 out of 56), Gram-'. 
positive non-sporing rods (8 out of-IX), and Oram-positive , cocci-.(iS^ out -of 24) 
measured between 1*0 mm# and 2*6'mm*! the colony diameter of the. remaining 
tem-negatlve strains being usually between 3*8 mm* and 5*0 mm# and-that; of the 
remaining Grara-pcsitivo. strains, between 0.7 rasa, and 0*9 urn# The colony , 
-'diameter, of 8 of-the 11 Bacillus strains ranged from 5*0 ms* to- iO#5.:*®a* und '' ■ 
.-the remaining 3 strains of the group' measured between 3»4 ®a# and 4*0 mm#
...After 48 hours incubation, m  increase - in-'.the colony-else compared to the 
sis©: at 24, hours .was. recorded for .-ail-the 102 strains* This increase for 85 ■ 
strains (84 per cent*) ranged from 1*50 to 2*57-times*.
Growth at various temperatures#' The temperatures used for the estimation of 
gfiMth.' .temperature. range wore 15°C, zf c, 3Q°C,37°0, 43°C and 48°C ana the
•medium was peptone water# Tubes were examined dally' for-three' days for ■. 
turbidity which was determined with'the aid of Brown*s opacity tubes#
TABLE 10
Cultural properties of 102 strains of bacteria isolated in the General Survey.
Strain 
llo* .
Giant Colony Growth ‘
Temperatures*1 
in Centigrade s a «  
&f s
°^,a
*3 *C?S o wict^*H «rtM ©
Colony colour
<55»H
« 3© G>
..«. sP$ *HAO§£3 d o*s*t *£•H f. Kj*J5| © C\i
©0eg
' Pi
1 m Ij3 *rf A
T! ■.£*<&c$ ©&3 «P W  
©
§
1' " ' A .•
. c*■ o &■*H O 4* 43cS 'm ^04■ •'v*■ CD
' 4»mo
I*n
B ■■*s^J- I
>'2 ' 1*5 3.7 2*44 . 25 15 37 1*5
fiV. Creamy' * - . :
..-3 3*5 4.8 ■1*94 30 25 , - 48 0*8 Grey^ «v»
■4 : 1*5 2.7 1.80 :27.5 25 43 1.5 Groy^ ■ *-
5 1*3 2*6 ■: 2*00 37 15 : 37 7.5; TelXow^ -
6 1.7 3.3 1*94 25 25 25 0*8 Groy^ / «oa
7 0.9 1*5 1*66 33*5 30 43 2*3 White^ -
9'v 1.8 2.4 ■1.33 30 25 43 2*3 ; Whitish - ‘gsoy^ <e»*
9B; 1.4 2.3:.: 1*64. ,25 25 37 3.0 Whitish - grey^
10 1.2 2.0’ ’ 1.66 11.0* rr rsit e \5e H#G# — Grey^ -
11 - 1.5 ; 2.2 1*46 .'■■•-39: : <=5 43 2.6 . whitish - ®eey^ *a»
.14 1.2 2.7 2*25 ■87*5. 15 37 1*5- - <2pey{^ «=a
15 1*4 ' 2*6 ■; 1.85 30 25 37 2*3 ■ Crey^ 11^ ; «»
1?A 2.1 ' 3.5 1.66 iug. ■ 1*0*' ; H.G. ~~~ ; ‘ ■ -
1?3 2.1. 3.3 1.57 25 15 37 3.8 •' Grey^ 11^ «s» .
ISA ;= 1.2 3*8 3*16 2?*5 25 30 0*8 Creasy*' ■
18B 0.9 1.6 1.77 30 25 43 1.2 Creamy^
19 . 0.8 1.0 1*25 25 25 43 1*5 Palo yellow^ a»
20 1.3 ' 2.6 2*00 37 15 37 5.2 Yellow^V ~
21 2.4' ' 3.7 1.54 37 30 37 1*2 ■ Fale 'yellow^
.
S\K,B 10 (continued)
Strata'
Ho*
■ -.Giant'Colony' ■ Growth f-jN 
Temperatures. :- 
in Gentigeade
\. 4* U 03
i
Colony colour
■.
♦HO.13 43
M c
* f-3* . ».■ Pt *. *t i
O <ts CVS
I F-E3 »rt
' . - ; .m ,§)
0 G -Cg e ots jr! S i tn • <r*
O Q It
1 '
! 0 1  »•;
5 $3
c3 CM &j few ©
©, £3 ■ c3
ft
H -ScD<1 : <!sf
. ■ o- 4s© '■
' §
•n■ -'ft
• *&* cl "sfc4 w
CF . ' *3'
•w ■' <*» ft O 1  ;
yj
r
.*rj
K «P• *9 4*
' %% « ;
:1.8. 3*2 1.7? ■■25\’; 25 37 V. 2*3 ■■GreyW ■
23 4*3. ■ 7*8 . 1*90 25, 15 3?, 1*2 ; B uff^
’ 23 1*6 2*9 - 1*81 20 ; 15 :37 1.2 Bull white' with 
yellowish cent
26-:. 9*0. . 13*8 ';i*53. ■33*5 . 15.-. 43 7*5 Groy^ «o
21 3*4 ; 7*4 2.i3; 30 15 ' 43 ' 7*5 Yellowi sh-o xesk^ ‘ -
2B 2o3 ; 3*85 1*58 25; 15 43 3*8 Leaon-yellow^'
■ —.
29 1*8 3*1 1*72 EG* i?*o* B.C. Groy^ "~^ ■ - ■ ■
',33;. ■4*0 7*7 1*92 ' 25 , ' 25 48 1*2; Shite^' ■
;-34- 4*6 ■8.4' ;/ .1* 82 . 27*5 15 48 7*5;- " Groy^ ' <•»
3^ "5*0 M r 1 * 34 ■.25 W- :. .43'- ',3*0,'. . Chalk-white^
m  - 3*4 - 5*1 1*50 ■ 3 0: , 15 ; . 43 ■2*3 Chalk-whited
36 2*5 ■' 4*9 ■. 1*96 ■. 27*5 ; 15''-• 43', 7*5 Gy oyi Bh^ f/hl t c ^  ^
40 2f&. .:-5*f ■■;. !f»C ■/■mo.: ' VixSsS^-- «l
•;4 t . ■ 1*5. ' 2*5 ■ 1*6 6. 25 15 37 .2*3 . Yellot/1*' «nt>
42 1*6 £*9 1*61 25 15 25 0*8 Grey^ .
43 : 2*1 4.5:;V V2.14 25 ■ 15 3? 5*2 Groy^ 11^ *** ■
4 4 ;: i*8;'.: 3.4 ’■ 2*00 25 15 37 3*0 Groy^ 11^ ■ «s>
45 .X®2 1*3 • 1*08 :■25 15 37 0*4 Groy^5-) «S»' -
48 OoT 1*8 \:;- :2*57 :■ 30 ■' 15 ■ 30 1*2 Yellow^ w
:49:;';i2*6- , 4*6 1*77 ■30-: 15.: ' 43 ■ 6*0 Gse/11) «to
50 j1*0 1*4 1*40 •.25 ■ 15' 37 0*4 Gssy^
■TABLE 10 (contlnaea)
train
0#
Giant Colony Or
Pamper
In Ocq
owth /*\ 
attires' I 
tlgrado ■
•feTrr,w~wwwti)*r5 C3 37 Q
S,S g
© *X3 P
Colony. colour.
0
illB fS •#*i «r*Jv%ra & CJ S ©>—
©13c?♦H...Tei.._. .
# ir"%
p i s3 ,■ D
•pi »rtH CO P3 £f "St* S3 0w  4*
©■ B tS •H . C5 .
0«H a?r ■• .■
p s •:
48/24 
hour'
!■*rf
43Pk .O. ,
•H
es .
S
1
13
g
s *& M!3 ©
SS?i
cfl «$>S3 «*<3
% 1.5 5*5 3*66 21*0* H.*0*s HoOe «MSw» White ■■
53 10*5 16*0 1®52 37 15 43 ; 5*2 Tellowieh-gse/11^
54. 5.3 10*9 2e05 m 25 48 1*2 " Bull white with ■
hvom centre (ii)
55 lei 1*8 1*63 33*5 25 37 ■'1.5 ■ Yollcv/1^
56 ' 242 . 4* 6 2*09 37 15 . 37 6*0 GreyiBh-whlto^^
5?A 2.6 4*6 1*77 27*5 15 37 1.0; Blemish-grey' *
57B 2.4 3*8 1*58 25 15 43 2*3
(±±)
58 3*0 5*3 1.76 30 15 37 7*5 Qzo$^\
. 59" 2*2 4*8 2*18 30 ■1.5. ■37. ; 7*5 ■.Qroy^^ - ;
60 2*5 5*6 2*24 25 ’ 15 3? 7*5 Whitish-grey*11)
61 1*0 1*25 : 1.29 27.5 15 ;■ 37 0*4 Grey^ii^
62 5 4 8*8 : 1*54 33*5 25 48 0*8
. 63 5*0 9*0 1*80 48 25 48 4*5
. 64 1.8 3*6 2*00 25 25 . 30 ■ ■■ 1*5 ., Oi’anso-hrom^ ^
65 ' 65.0 & — 30 15 37 7*5 Gyey^11)
66 > 3 9*5 1*79 37 15 37 3*0 Brosm
71 2o? 5*0 1*85 25 15 37 1*2 Euff(ii)
.72 3 4 5*3 l«4i 25 15 37 1.5 Khite^11)
74 2e2 4*3 1*95, 25 15 37 3*8 C&ey^11)
75 ■ 2*2 3*8 : 1*72 25 25 37 1*5 feoy(il)
76 1*9 3*3 143 25 15 37 2*3 Yollo^ii')
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m  10 (continued)
Strain 
TlOe
Giant Colony
•HI ■ o Kas © .
^ It St
. . . a  :■«
S *s «*■e -rf o
3  nts ©CO £ij *P-Sj*
e■ dft■ «■
O 53•r5 O 
• p  ■■ CS
Cu 
' ^■ O
■ *s;*
. Growth 
Temperature's.
in Centigrade
(i)
Pio a M
>&«» n»*•H ftwO J4 CQ
g,iS
° *53 JB
Q Oi 
, I—
41
*5 ■•**
a
g»
&
Colony colour
*r?4*•h rso «i 
13 £3 ■■ © tsJ ■
Oft;&Ja .. o
77
78
79
80
-'81.
82
83
84
85 
SS
m
m
; p9 .
90
92
93
• X  
'96- 
- 93. 
'99, 
100' 
101
1*9
2*6
?o4
2*0
2.0
0.7
5.3
3.3 
2.0 
1.9';; 
9.5 
6.2
7.4 
6®  9 ■ 
1.8 
2.1
3.0
2.5 '
2»3;
2.0 
2.0 
1.7
3.0
4.2 
3*8 
■3*6 
.■3.6' 
1.5: 
8.4 
5*1 
,3.8 
3*8.
16.5 
16.5.
13.2  
10*0 
3*2 
'3.9; 
5.3 
4*7 
5*8 
3*6
6.0 
2.8
.1.57
1.61
1.58 
.1.80 
• 1.80
2.14
1.58 
'1.54
,;2.CK>
1*74-
.2.66';
1.78.
1.45
1.78
.1*86;
1.76
1.88
2.52
1.80
3.00
1.64
• 2 5  ;■■
: ' 37
.25'"
25
25; ;■
3 0
37
25
' 25.'... 
27.5
;37..;:'
37
37
. 25; ■ 
25
'27.5
.25
27*5
27*5'
2 5 :: 
.27.5. 
25
.15;;; /;'-37;.: 2.6
15 43 ;-3«o
15 '■ ;43-i 3*8
15 37 ■■2.3
■15 ■: 37 ; ;3*o
25 : 37 1*5
15 37 3*0
25 37 ;■ 4*5
25 ,;37 ;;2.6
15 '",37. . 1.5
15 37 ;6*0
15 ■ 37 ■’ 4*8
15 ■ ; 37,■ 3*0
25 , - •43 1*5
15 37 1 h JLoc.
15 37 2.0
15 37 7*5
15; , 37 7*5
15 3? 4*5
15 87 2*6
15 37 :''4*5
15 37 2.3
.Grey.(ii)
.'Grey
Grey
(ii)
(ii)
.(ii)Yellow
Pale yellow. 
Grey
(ii)
Orange 
(ii)
(ii)
Grey
(ii)
Pale yellow 
Grey^^
Orey 
Grey1 
Grey'
(iv)
(ii)
(ii)
(ii)
GreylelMvhite
milow^11  ^
Grey’
Whitish-grey
(n)?©yv '
(ii)Yellow /
Whitc^
Crosse
(ii)
%\WM 10 (continued)
Strain'
1’SOa
Giant Colony Qff&Wth /j\ 
f empemturecr } : 
in'tleniigrade'
fra fc.O'-N 4* C <* *rt «HW © u ta
S3 E B<3»*d S3 0 0
*0fi ©g K COB •rt h  •H £3•*1
€3■ feg & '
Colony colour
J.STT
Tt *, §t& 0  «K?
4f, _  
a cyv.**»H ■
£
£f *H O 
■« <0 CO .
*3 ** *3-& ’w'
...e-Iv ■
JS
a s4> Oe* iS
s
CO**^3*
■ -S’ - '. «rt
O •. ■
iv ■*rt&
*
1
N
*T|
102" 0*6 1.1 1.83 ' 30 ' . 25 37 ■; 0*8
103 2*1 3c65 1.74 ■ -25 ■ ■-15 37 ■: 2*3 yexxoi?^
104 ; 1*8 2.22 23 15 - '37; " 3*0 WhltiGh-yollo-ff^^
105 1*6 : 3*2 -'2.00 : 25 : $5. 37 2.6 Bhitish-yoXXov/1^
106 2.0 3*a 1.90 . .25' . 15 37 3*0 a v & f y .
109 1.2 2.1 1*75 25 15 37 4.5 Shite^3^
110 2.3 3.65 1*53- 23 13 37 3*0 Pale yello. . ■
112 0*9 1.7 I.89 37 23 37 4*8 nbito^12-^
113^ . \ 1*1 1.6 1.45 25 25 37 2.3 YGXloBlDh-^/hito'11^
113B 2.0 4*7 i'2.35 -30: 15 30 ’ 7*5 YoXlonicli-'.Thit.c^ 1^
116. v.; 2*0 4*9 ■ 2*45 27.5 13' ■ bo- ; 6.0
(ii)Gteoyioh-whito' /
126'..’; 1*9 \ ■2.9 : 1*52 25 ■37: 2.3 0rey^9
123' : / 2.3 5*6 .2*43' 27*5 13 37 7*5
124 1*0 4*6 4*60 ■25 15 37 7*5
( ii)(hreyiefc-^ llcKr 1
125 1.1 2.1 1.91 25 13 25 2.3 OrGy(ll^
126;.. 1.8 3*1 1.72 25 15 37 3.0 Groy^*^
127 2.5' 4*7 1.80 25 15 37 2.6 Balo yollot/11^
128: ; 1*3 2*0 1*54 ■ 25 ..23 37 2.3 Gre/11)
130;. 1.5; ■ 3*0 2.00 . 25 15 3? 2.6 Grey^11^
Table 10 cont
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Notoss
' (l) If the opacity attained at two different temperatures ms  the 
sameg the mean .of the two. temperatures..ms taken to he the 
optimum./''
(2) k®'measured by.SftKm'e standard .opacity tubes
Colony covered the whole plate.
!T*G*=;Ko growth'at any of the temperaturee used ;:
. (i) ® On nutrient apr
(ii) o On blood agpr 
(ill) « On charcoal chocolate agar 
(iv)> 'On honey agar'.'
(v) «» Oil malt extract agar 
(vi) S'On malt honoy agar
Table 10 indicates that the range of the favourable growth temperature 
for the majority of bacteria from insects lay between 25°G and 30°C* The 
optimum growth .temperate© for 48 ©trains (31 Grom-negative rods, 10 Gram- 
positive cocci f 9 Gram-positive non-sporing rods and 2 Bacillus strains) was 
25°C* for 16 strains (TGimm-nogative rods, 4 Gram-positive cocci $ 2 Gram- 
positive non-sporing rods and 3 Bacillus strains) 30°0? and for 12' strains'
(4 tom-negative rods? 3 Gram-positive coccis 1 Gram-positive non-sporing rod 
and 4 Bacillus strains) was 3?°C, Soma strains showed the . same opacity at 
two. different growth'temperature©t 1$ strains (12 Gram-negativ© rode, 2 
Oram-positive cocci and 1 Gram-ppnitiv© non-spwring rod) at 25°C and 30°O* '
4 strains (l Gram-negative rod* 2 Gram-positive cocci and 1 Bacillus strain) .
: at' 30°0 and 3?°C and a. further strain (no. 29) of' tern-negative' rod at' 1$°C!; 
and 25°C| in these cases the mean of the two temperatures-war taken to be the ■ 
optimum® Only one organism (strain 63?. a Bacillus ©p*) had an optimum growth 
temperature higher than 3?°C which was 46°C* Out of the total of 102 strains
5 showed no growth in the test medium at any of the temperatures used*
68 ©f. the'. 102 "isolate© which showed growth at 15°C consisted of 48 Gram- 
negative rod©‘(86 per Cent® of the total Gram-aeg&ttve rod©),' 8 -tom-positive 
cocci (33 per'cent# of the total Gram-positive cocci), 7 Gram-positive non- ' 
©poring rods (64 per' cent® of -the total Gram-positive non-sparing rods) and 
5 Bacillus strains (45 cent® of the total Bacillus strains)®, Thus it is 
evident that although strains of all the abovo morphological .types were able 
to grow at 15°G, the percentage was higher within the group of tom-negative 
rods than in any other group*
, Only a small proportion tom-negative rods (9 out of 56) and Gram- 
positive cocci ,(? out of 24)-but.a large proportion of Bacillus strains (8 out 
of 11) were able to grow at a temperature higher than 37°G* Of those 24 strains
which wore tihlB to grow at 43°S, .6" aim caew at;-48°Cr -Those bacteria which 
grow at 4 3 ^ but not at 48°C consisted-of 0 Cram-ssegitlve.-'.rode, f Oraa- k 
. positive -cocci. and 3-.Baoil3.tio- strains* Of the 4  'which also' grow at 4B°0,
•- 5 wore. Bacillus strains and 1 a* Craa-ne^i tive -' rod. ’■■ Organisms able to', gtot ai - 
- 43°0 or. 48°C wore usually Isolated from the body surface of insects* ■'
" Colony colour*' ; Colony, colour m e  reeorded'/on primary .'isolation and the results,- 
. are shown in 3&blt 10® : • Of the 102 isolates,-' 22 ' (13 Gmm-»egiiiYe rods, 7 ;
;■;• Oram-posit.lye. cocci-and 2. Grata-positive non-sparing rods)' produced '■pale-'yelloix . 
- (including wl^ tish-yeliow and bu£f): to height yellow' colonies, X (strain 40,
-. .a atffi-aporing to»"#eeitive'- red); produced .--.pink growth,' 1 (strain 83, a :;tom-''
' .negative ..rod) :fcrmed,a» orange growth# - and; the '•. remaining isolates.' were; usually' 
grey or whitieh-grey.and sometimes white,; ^ ?eyish-white,or erexmy*
Carotenoid pigment* - This was-'-detected by the-method given by.‘Qsorraan; (196?)•
'14 of the 102 strains were found to react'in a positive maimer* These ’.
'. .consisted mainly of. motile,v tos-negitive rods- (B), with & teller number (5)
, of Cram-positive' eocoi, and.one'-Cram-poeitive non-sporing r o d ? 'with the. : 
exception of -©train; 51 • .(&• tom-positive'- coccus. toa'a • ©thing bee),. all were 
,-isolated-from bumblebees#\: ;
■ Growth on fiaeCoflkey»s am v ,
’ .The.'' results' of this 'test -are' given in Table IX*- Only' 10 ' strains failed to 
■ grow on laoCohkey*© agir and these comprised 4 Ctesua-negativo .rods,"! tom- ;- ;T-; - 
; positive coccus, 3'' tom-positive non-sparing - rods and 2 Bacillus - strains* 19 -,.
.; strains (5 tom-negative -rods,. $'Gmm~poai1;lve cocci, 3 tom-positive non- ':
■ sparing rods', and. 2, Bacillus'- strains •) grew -poorly (0*10 to 0*45) and' the/ ,. 
remainitig'?3 showed -fair,to heavy (0*50 to 1*00) -growth# -,v
t l E I I*rrW.an» <m»jip)r^ Mtfmja
cjpawth of 102 strains of bacteria isolated in the General Surrey .on I&cCo2feoy*s . 
&ag?*r*
n- iWf-ai.inri | ^.-..-p -,. ^rn-i'r-fif^i-nir tirig-jririrtirTnr>ipi«» irn<mutmiaiMinhmi>m»i »imijrn imt7~"H-nTn-riTtn nitj.hc:ijturriamtr
Stein .Growth'. ' Stein ©wrti1' Strain Orotrtr^  Stein Qsmtlf' Strain GrowtP
lOo- ■ : . - ■ ■ Ho* , Ho. W' ' : ITo. ■ Ho. ■
- 2 ■’ ..0*30-'; . 28 • : 0.75' :' " 39 f&.OO' ■'■'■ 88 " ;
1.00 l?4 . 1.00
• 3 -. ' 1-.0O; : 29 :;l 0.96'\ 60 - x.00. ■ 89 ■ ’ 0.00 '."125 ;,o.9o"'
;. .4.' ■0.30 ■ ■ " 33 ■ 0.00; ■■■61 0.00.'"' ■' 90 ; 0.10 126 • 1.00 a
)'■ 5 ,■'■' 0.90-' ■'■.■ 34; :'" 4.00 62 ■ 0.60-'-" ; 92 : 0*40 '127. ■',::0.90
- 6 . &*m - ;■'%% ' '.0*20 ■'■’ '63 1.00 *;'■ 93 1.00 128 0.15
; -r ■ 0.0- •' 35*.'a •;-o»5oV" ■ 64 ■'0.10 ■"• • 95 ; ' 1.00 130 1.00
■ 9^* 0.80■; 36 ■ ' li.00 ' : 65 1.00 r.; 96 ". l.OQV-;-
' m 0.00 ■■■" ‘ 40: ■ '■ 0.00 ; 66 0.5 0 ■ ' 98 ;■ ’ 1.00.'
10 0*13 ' U  ; • :‘o*50 ‘•: n 0.90; 1
a 99 ■.;; 1.00
■ n 0.20 ’42' '0.20‘: '72 ' 0.90' '-■■■sibo ■"('-’ 1.00
"14;' 0*30 : '4$ 1*00 7 4 : l.OO . '- Mem ' 1.00 V
' 15 44 V : 1.00 ; 79 0.60 .• : 102 ■■ 'o.bo - '
,r?k: ',0*00 ■_■'■ 45 '•■ 0.3C) / 76 '■ O.80 •'■■'103 ' l.OD
'■0.60 ■■•'. 48 ' 1.00 a' ; T? 0.70 . ". - imr ■■ 0.80'
I8v; ■ ; 0.00' / .49 ' 1*00 ; '"78 1.08 ■. :'105 1.00
X8B ; 0*30 : '50 '■V0.10- 1.79 0.60 ■ -106 : , 0.98; ■
19" • 0.25 a'- 51 0.00 ' ' '80 1.00 .'’109 ■■'■ .■•.0.90 ;■ •1 - ..
SO ' 0.90- . 93 i .00 " 81 1.00 . '110 - ■ 1.00 -
21 '■'0.00 ■ v 34 0*40 82 0.5 0. 112 ' 0.50 '
22 ■ '0.00 '"95 ; ■ 1.00 '■ 83 1.00 •' 113^  '■' ' O.25 -
■ 23 ;. 0.90 , '56 / ' 1.00' • 84 0.70 • 1138 "■ 1.00
23 .- ■1.00 ‘ ■ "57A . ■' 0.60 . ;- '85 1.00- ';'1X6 '■
1.00
. 26 : '"i.oo--v! 57B\ : 0.60 '; 85 ’ 0.90 .■ •ISO ' ■■0.90 -
27 1.00 50 ’ 1 1.00 87 . 1.00 123 1.00
(1) TM figures recorded indicate th© • ©stent of growths • 0» no growth* I® heavy 
' growth, ittfceJKnsdiate. figures indicate other octiimted degrees.
Biochemical characteristics
Action on carbohydrate and -related substances. ' The abilii5? 'of the :102 strains 
• to -produce acid - m  tested -with It- 'different' carbohydrate' and' 'related sub-' 
••stances (X *0' per • cent.'-, appropriate substance' in .Andrade' peptone water) •- .' .- 
Durham1© tubes* to-detect gs© production*" were--enrploypd only, in the case of 
' glucose. , Inoculated'tubes'.were -incubated at 3Q®0 for 16-24, days* examining 
at intervals. The results are-.given in Table 12 and.a summary of the results*' 
as.regards,acid production* -for-the different t^ rphologieai -groups'in ‘...
. table'. 13* t /
. ' A old' production.' - . - 
' 1. Gram-negative -rods. The majority or at' least half of the strains-of 
Gram-mogativo rods produced acid from, fructose* glucose* .rsannoso* .:
. - .sucrose, raamitol and ealicin, and nearly half."of them: from arabinose .
• and maltose (Table 13). Of . the 56 isolates of Gram-negative rods* $ '■■
; ; showed no action oh' any of the eubotanceo'used' and another 7 ."produced .
, ■' acid only from; glucose and occasionally one .other substance. All of :
the: 8 strains' of yelloir-pigaented*. motile,Oram-negativo' rods produced ■ 
■ ■ ' acid from arabinose, rtemnose * syloee *, fructose * glucose * mannose",
'maltose, sucrose and mannitol?... with th© exception of .strain 110* they ' .
' -nlso ' produced acid from .©aiioin* - Hone of these pipaented organisms 
had any action on lactose, raffinoso* duloitol, glycerol, inositol, 
and sorbitol. Thus, it began to becorao clear, at this stag© of the- • 
work, that these 8 strains represented a fairly homogeneous group,
. ... having the-properties 'given above..
' ii. Gram-positive cocci.' •:-Bather more than half of the strains of 
Oram-positiv© ooooi produced acid from fructose, galactose, glucose/ /
- TA BLE 12: ;
Action of ik© 102 strains isolated in tho General Survey on carbohydrate 
and;related .'substance©. '
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o gas production tested only in the case of glucose#
A « acidity, within 4 6 hours (without £pe)*
. AO,» acidity; wit bin 4B hours with a considerable amounioof pie®
;Ag «= acidity within. 48. hours with trace "of cas®
. h acidity 'appearing between 3 and 24 days;,(without 01s)# .;
■f *''.acid-productions';, trace; only -(without "ips}#
■ acidity .or s&s*.'.- '
; 1IQ®*= no growth#
A old production-fcy.102'Strains/of baeWia ofdlffc
- Humber and. percentage ‘if strains pr
Morphological
type
fotal 
Ho* of 
strains Arabinooe Ehamnose Xylose Fructose Oalactoo© Glucose
i. '■ii
Ntannone Haot
Oram-negative
rods
56 -/ V  ^\ 26(46.4)
21
(37-5)
a
(37.5)
, 39 
(69*6)
22
(39.2)
43
(76.7)
i 38 
(67.8)
16
(28.’
Gram-positive
coooi
24 , 4 
(16.6)
0
(o.o)
2
(8.3)
17
(TO# 8)
12
(50.0) (70.8) .;(54.1)! ‘
12
(50.1
Gram-positive
spore-forming
rods
11 6
(54.5)
0
(0.0)
0
W.O)
11
(100#0)
0
(0.0)
11
(100.0)
: 7
(63#6)
0
(0.C
Gram-positive
non-sporing
rods
11 3
(£7.2)
0
(O.o)
, 3 
(27.2)
8
(T2.T)
4
(36.3)
8
(72.7)
6 :. ■ 
(54,5)
6
(54.
mtals all
■typos-.,.'
102 39
(38.2)
21
(20.5)
26
(25.4)
75 , 
(73,5)
38
(37.2)
79
(77*4)
64
(62.7)
. '34
(33.3
* Sfre. number lo given-above and below in bra deets is the‘p&bentage* V
m m o m 9. lactose* mltosof sucrose and glycerol ('Tabl© 13)* Bono , of 
, them showed,any action-on .-rlmranoee.:and dulotioX* an&'oaiy a to; 0-4)
■ produced acid- from arabinose* syloso and inositol* ■ Biz ©trains of Grata* 
positive cocci did not produce acid from any of the substances employed*
. ill* '■ Grai2H)oeitive« ■ spore-forming rede# Almost all isolates produced ;"
■ acid from -fructoseg. glucose* mltone* /sucrose and - salicim the majority
also .-produced acid from. sraMnose* mannose9 glycerol g-mnnitol and,-'
,. sorbitol* - Hone -of -the 11 isolates ■produced"acid tom rlmmose* ssyloso*
■ galactose* lactose§ raffiaos©* dulCitolXand Inositol*. ',
; iv* feia-pQsitlv©g hon-sporing rods* ~:' The majority (d-8) of the 11
isolates of C&m^oeitive* :non~sporing rods produced acid' from .fructose*-' 
glucose* mimosa, ■.lactose*-.-mltoss* sucrose ■ and salioin* bike the ■ ' 
spore-formers* -none of the. 11 non~spori&g rode .produced acid from 
rhamnoso and. dulcitol# One strain (no* 109) of Gras-positive* non- • 
sporing rod did not-attack-any of ."the substances used*.' ■;
Gas -from glucose*" - Gas mas produced by only Id of the 102 isolates* all 
- of .which :mero- GracHaogativ©.' rods* • Of the Id' .gas producers 11 mero
' - motile# '■•■■■., . .
Additional biochemical properties of the 102 strains isolated in the
General Survey* Only.'those tests in which the 102 strains showed marked , 
differences In' their behaviour were included.in. fable 14*" Hone* -or only \ - 
■ one .or' two -of. the•urgsniems ^ v© ■ results' differing from the, majority.:in. 
-oolltttase, .catal&se end.'indole production: tests* -so results of those 'tests . ;.: 
are not tabulated*..'
:; Gelatinasoo Oelatinace production was;;detected by jfoaslor9s (1926) ;: . 
method'-using gelatin agar medium (Cowan and.Steel* '1965)* ' -28 out;of; V.
.'■■'; tbs':% -;(h?a©-neg*'tive:rods.produced gsXatinasei -'.thee©-included all-of: /•
: ' the 8 ntrains of yellow-pi£pented*'motile,organisms*-. 'More or .loss the. -,. 
same percentage of Gram-positive , cocci (15 out of • 24)'andGmm-positiv© •;;; 
non-sporing rods (7 out of 11) wore - positive In; this test*' "All' of the -.
11 strains of Gram-positive.;, spore-forming -rods .produced; gelatinase, t
::' .'. Grease* ■ The.production of the ensyae urease m s  tested, using
Christensen*©ureamedium (Christensen,' 1946)* Only 12 out of the 56 ■ ■
Oraswiegativ© rods; produced .urease, ;tho activity of the ensyrno being 
•: noticeable..usually 'within 4 hours*' -Itvie worth'noting that.10,:of the', '
12 ;urcase . producing.Oram-neg^ tive, rode 'were 'also; gclatinas©, negative# ;'
- ,. Like-'gelatines©; production* -. ureas© 'activity:ms also -/shown -by more or-less 
. .-the ;esme; proportion -of Grao-pooitive .cocci - (6 :-out of "84) and" Gram- .
■ .;' r positive, ncn-sporlng rods' (3 but of 11)*. Hone;of the 11 strains of ■ .•.
: Gram-positiv©:spore-forming. bacilli produced urease* •
■'•Amylase, Amylaso production m s  tested on' starch agar (Cornu and 
Steel, 1965)*; Only a few Gram—negative rods.(4 out of 56) and Oran—
;" v positive ;cbcdi (2 -out of 24) 'hydrolysed starch r/boreas the. majority ,
. .SMfeS'lh -
■Additional biochemical -gropoi?ties of the IDS strains. isolated in. iter
■ ; -^://';,Oeho3R3l-Survey*: ~ v V.:> \
Strain
'Chitinase
«rt
. . . .  :8 ■ " •. - ■
■ # v  •:■■
*p . - ' *rj «r2 ■ *MS>3 ' . ' is ■ ■ . ’ . . - ■ : • •■*P
O  '■•■ ■■■ . ;■ ... «S3 ■ «** . : P< . - O  ■ .-,oeg.-.- -N ■ ■•■... «3 ■ . © • • . r* 53
«r! ©  . " cs ■ ri eS ■ <S £5 : fe ' - - te** : ■ ' m ■■•■ *3 ^  O ■■» P ■ rf JT : -fX-- ,.;P»4 r- --g :X,..^ s | -s g  ve*- - •*» <$ . ■ o ■ *.-4 ■ M .-. -..fM
■ -2 •4,
um^aHMk
0 , .IfoMo; .',*** , H*0o
__
4 '; ■ 4 •*» ■
3 4 . . . ■ T r-V ■■4V 0 IT »!lo **. : H .oJ ; 4 ' .4 . 4 ■
* - ,■-4 ,'' 0 KoEe - ; ■ '■ «s» 4 .*>»
(? ) -  •. 0 .; 4 » ■: ,:r ^ 0 . IToO. 4 4 '
6 (2 ) 0 iuiu . • : <w» H.Oo 4 . "4 -
; 7 *?•■ (1 ) ’ 0 - ,■ ««•
■ 9i - - 0 K«!!« - 4 ■ .4 ■;V -  ■y ;^ :.
V3
 
*^8 
. 
- 
V* +*: . . 0 ': H»M*. — - IP1 ' 4 . ■ ' «K»
10
. 1
4. ■'■S.' ,■ 0 H .b . n .crl 4. ■ . + v ■ ^ ;;
n ■4. ■ (2 ) . >  /;■ 9 ' - 4^ tf 4M» . . ■>.’;::■■■•4* ' 4 . ** : ■ ■
n - (2 ) 0 • - 44 ** - . **» . ;l4®0* «pe» 4 '- ■■ ■ 4 . • ««»
.-■13:: 4 . '•r~ ' «*» ' ' 0  • ; V u  >1■ li* V® H#csi + ' '«w»
m 4 -- . w» 0 ■ ii»M# w :,;- *n HogI 4* ■'
1?B ■r  ■ •» 1 • ■: °  v :IT«0® 4 ' ■' -  '.
i t k : (2) 0 ■ ■«. ■ 4 ' I? 0 Go IloGo 4 • "• 4- '
IB S •»* <2> 0 ' v" f♦ T f ' ilelio •» - F  ■ ««• ’•* ’ ' -V ' «■;. «  ■:
19) ■M» 0 ’ w - F 4 «*» 63*
20. 4 (2) 4' ■ 0 «N* li « G# H .o l 4 4 «*o
21 4 4 .. 0 ■+' ■ . ■ K*C. - 4- 4 ±
22 '*» (1) 0 ~  v V.H*G. i j . g! 4 .4 : ; r , :
> 2 i;: 4 0 • M . :■«' •' H0O0' H .o i 4 ■ 4- ■ «■ ■ «n
14 (continued)'
Strain 
Ho* '
Chit ilia ee
25
86
■27
.28
29
33
34
mS2
42
■&
Omcl
• © .; tw
«3 . 
B
(s)
■(?)
>-
0 .; K.M*
2 '8 '
0 IU M.
0 ; ,
0
-.10-
£«i
©
'. •**
£ R
r-3 ■
1?h
-S
■9oa©
.ts©
4»-
l
P■&©
IO*rf
&m
&-fHl
£34*-
M
O'£2 • f? *C<
N
8.i-T4*■o■ S3 *Sf ■ © S'P»
€0-
Briivww «£u. rwn»*n!<Q£bMWNrfl
F
F
P
(2)v: ♦ 0
•ii. Oft
F 1 
p .
B.d
H .di'
4’ '
■; 4 
4
.4,
t''
4 . ■
4
4 '
V
'.*5. 
© 
•p-3 43 . ©' » ns . ©
%
s
T
35^ . + . •K* mm 0 £$*!&» • ¥ . 0. iu g ; . «*•' - 4 . ' 4 ’
38B - mm 0 . if.M . ' 4 - If O 0. : h . gS . 4- 4. ;r  . - ■ - 4
36 ■«■» ( 2) mm 0 , FeM. ~ 4 ft -I* ■':'■+/ 4. 4 4
40 4 ( 2) 4* 0 au 'IT.G.' H .d i - *1* ■» -
41. 4. ■ ( 2} 4 0 H*!!. *$• . 4 F ' 4R»
42 - .0 . /  U.K. ; S .0. '.**•? V - v- ■>
43 - «*» " «K> 0 «*** .• F ' ; 4. ' *- - 4 ;; ~
44 mm / CO «S> 10 ■.' ■ S.- ' 1.25 ■ > : , ■>"' - . ' ,WV .,4 . ;.' *1- ' m*a '«st»
45 «a> MMfr «s 0 H.u* ,*** . . 4 ;.,F . . . ■' « 4M
48; ( 2) ■': 0 ; ■' M e " - mm ■ 4- F '-■ - 4 - - - «K»
49 .« **»■ 0 ' II*!:!.' - 'V ;.F ' - 4 mm 4. ,. 4.
59 « - «. * . 0 / JUH* 4 II . 0 . 4 4MM «a»
51 4 . - 0 , I1UU ~ *■* ,H*G. K .a i - -
53 4. + 0 ' *T t,?' ❖ '. ■ I i .  a. K.tri 4.... 4 - ■ *'■ 4
. 5 4 7 >  ■ -  ; .4 . 2 ’I tr, •?■- ;~.j 0 .23
J
."• K .gI -,.4 -4 ' + "+
55 '. * ’ ~ ; '. «a» 0 , I .H . **• : ' ' 1.0. ■»TP ipJE*11 e G. •f* *o mm
FAHjE 14 (continued)
tmmmmmr —m*n jmmukiw
Ho.
4*
d•S*
fi
©m
o'
. .©d
© s> h  ■ 0 ■
Cfoitinase
J&.
K
. ©
4»dJ&.
©•H©fc»:
r-J
©f-J
a
■3©10©
4»:m©
>*♦H
*s■p,
©©
*■ ■ i;: Ir § ■'■■**
J2. +m&If..
■ ©©
*§
7?o
«•.■O-
. #3 ©
Q 
. &
% •SO mm 0 . 4. ' P ■ •SO ; ^ 4 4
57A-. .4- ■ . (?) •eo 0 - H.cJ -
5TB :-,V- : ■ (s) ■ w ■ .Co-': '¥«M«'— '•'«N .H.d ■' 4- .■"=‘4* «■
/58 ;: im «*» \0':: -mil,' F - ' ■■ - 4k '!4 ‘
59 4 ' ■ as> 2 ; tl2: : . ’.:'P ' ■ 4 , 4 ."4 .. 4 :
60 4*. ' - V mm • . F ' mm 4- . 4 ■ ' 4.
6X ; - mm - 0 Bull®'■OO ■ 4 " mm — '
62 4 - .■ 4 IX ::0.18 4* ii.d: 4- • ■ .4- • 4
■■63.. ■4 - --4.v,V oV:; 4 «sa ■ ■ 4 /- ■.4. mm 4
64 4- - 4” 0 ; B*!S«: ■R.gI i?.oJ ,4-
'. 4 : «•> •SO
65 ■ . #: (2) ■ mm 0 1UM* '. > F ■ 4 ■ 4 v 4.
66 4. ■. • 'mm 4 ' o' ■ *» ‘ 4* ''H.ci ' ^  ’■ .4 ■ 4 ■' -.4
: n  a 4 , mm «0t» 0 h.m* ;
4-. «w ' . F ■;. «o ; + " - ■ .-'.V «•»
■ii V «a» ■ •so ~ ■■ 0 l?*M« ' ««> F ' 4W* 4 ' . iKO ‘• -
4«»
m  , ', *» ’ M ' 0 ■ .;r ■ ■ v ' .; F ■" .; 4 4 , . «e» mm . 4.
75 -am • . .0 "■ H*Hp - ; ;V-- ’.4 4* '■ mm* cafe . mm
76 ; 4  ^0 lUUm *5 F' 4" 4 . 4
.77 -/ - . •*» 0 H.M* - 4- ■F- - 4* ' ■ ■: 4
IB 4 «£» «a 0 mat «. K.Oe • 4* 4 . 4-
4
;.79": :; ' - '■ W'.A■ - o- . U.K."' Il«C® - 4. .'
4
80 ■'■'■■ 4* . *a» - . 0 '.JUS* ' • 4* ■-.4*: ■4*. «b» • ;■•' •■' 4, ■' 4
■ ■81 -fr 0 B»Mfe ■ «» 4- ■ F; 4 4. ■ 4 4
.82'.; «=» '■; 0 , !UM« ~ <Mk B.-0. H.G^ + 4
4 -
83 .«. : 0 f* ll.Ce _ ■4 1 4 . '«OS '
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1&BLB 14 (continued)
Strain 
Ho* :
;Chitinane
©  
£3 «S.
$•p
'£3
r*l
PO
©
£3 .
• cl:
&£5
©
©£1
> * ..
. ©  
I *rl
© ©
: . r*» ' <^1-4
'*S '■
r<
*  :
■ * r i
<P . ■© ■
«a ©
85 . ■ <: .■/ ,
4*'
©
■ ©  .•P
.iPt*
i
©
i
r*5
a,'p*s
©
©
s©
*ri■*E3 ■•
©
©C.1
a
4-3
S'
■ © 
£5
a -
no
■8©
»rl:
o
m
P-&**4
Mi—iaiiT.il'* i i
84 * 0 mol H.ci■ . 4 ! ; .■ :**' :V ; 4;
85 • t v , 0 Ilelle 4 ■ P ; 4 ■ .«»
86 .■ ■+/. V r ' ■ . 0 ; :h.h.;.' mm 4 P ; ' 4 ' ■ 4. 4 \
87 4 4 0 «, 4-: ' H.S. tf rt*. is « W«■- ;t.' ■■ ■" 4 : . >
88 ■ 4 4 0 4 : lud 4 , 4 ;v': 4*.
. 89 * '4 0 : W ■ . it 4 H. 0. u.ai . 4 ■ .j- ;
■ ,90 . 4 ' ' «*» 4* l«5 17 0.08 +’ >h.cV H.cil 4 ■ 4-
• ■>
91 4 ~ 4 7.5 5*5 ' 1.36 .4 ■; ' H.cl '
1 -4 .:V 4 ;
93 ■. 4 • mm 0 H.H. «N» ’ 4 T. '*+ ■ ■ 4 : • 4-'." ; 4
; 95 , •*!- • (l) mm 0 Ii*!!# 4' :■ r • :■ WBft *. - . 41 ' 4. . 4
96 4 ~ V:'m' . 0 H.M. 4 : F': mm - ' -;mM ■". .
;;98: ' 4' , ~ o H.fl. ■» »0fi 4- ■ : 4 : ■ 4 ' . mm *1*
99 - 0 'can . 4' ;P; ■ 4 . ■ 4 >'
100 ■: 4* «s> 0 'S.M. mm . ~ ”0” 4. . + '. .4*
101 ' «W» ’ 0 . • » e 'mm 4 ' ^*“5 / -
4
102 4 . .f.:' :■. 4 ■' ■■'o ■ lUE. ■ 4 h 0 G. H*dl; 4’ ' : '«*» :'m
103 : 4 ■ mm . 0 IMS. «*• 4 r 4 4 ^ ■ 4
104 mm -  ■■ 0 1» 01.1» - 4 F . - 4 mm . 4
105 4 ■. 0 U.K. - *&. F - 4 4' 4
106 . W: o IMS. mm 4 ' F ■ 4* • 4
109 ■: 4* - «Mk • 'mm o ■ ;' H.U. ' ' - P■ _ in c i • mm 4 ' 4 4 4
110 . ;:4; ■mm 0 . lUfi* : mm F Jr 4 mm 4 ,-;4
If 
113
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Strain Cfaltiiaasa e
ft?,*, ' $4 ' £9 ' f*4 . O
■ ■ -*s5 Ps»'- ■ ■'■■■, •rt
«sf 49- ■-■ ,p4 :0
_ , n o - ?S'■ ■ - V  '(S .: © . . ft' ■ ; a . . ,nsIs-. ©.. O ■■ ;,H■. -A- ■ ■ 4* : -v €»-.."■■■ o ■ P
■ ■■ ^  ■ cl ■ r- ■ d ■ ' - % '£?'4*. - 0 -.0. O ‘ g .. (*«..;.■■ p .- *-* . -0 .. JP<
^ ^ . ;teft M fe> ■ - 4? - . ■'■ «? .: * ■*>
tH
■ ■3*H O» •.m0 •■ mW.'0 gs s . / ’© - ■'. cS H '■O'- < ■ K ■ N . ■ - 'M ' . < . . O - -SS: - ■ O.. . to-
■.112',/ 4 . - . 0 ; SUth, «te> - ''If.O. 4. - :**
■ll3A.v- 4.-. ’ 0 ■■-,h ;h *; ■.**' «ea - It
'■ Ytr rt* ■1% & W» +  / ■.. - ■:
113B ; '■-«. . V , 0 , «on -.■-■4.' ■: 4. -. 4 :4 -
116: '+ Me* - 0 ; 3?« H*;.- . / • / ■ -:«0« ^  - •;,4 "■4* - 4
1 2 0' \ : 0 ■■’ r , :' ■ ' 4. '■ ;/ V«.
123" :■■.j. ~ " « ’ 0 li #Ke - . ~ ❖ - 4- 4 '
124 4- - ' - 0 'M,: 4HM ft0n 4. 4- ' - 4
125
4- 4* .-. 4*«o» «tm 0 :SUM..
4. 0
H0C0 4*
4 
**>» - .; ~  . «*
126 r m* «*» 0 1I.IU •V ;p 4- .’ ■ 4'
12? .. +. ■ ■ «o «$» 0 T.T 1 ©-*^’1 0 MO t + : ' «
128 . 4. . . (1) - 0 K*1J« «* . ' * : .mb' 4- •' /-; r -.■
130 " ' “ - mb : ■ 0 *«* <■■ :: >  ;VW;: . .= 4
lotess'V
11 e- ciaximisa <!i©tsme©o(ij|'era*),/from th© ©dg©/of - the ■ colony i© the:edgo of 
- /.= the ©leer-'&on©# . ;:v , ,
T the.oolong , ;/■■ \ '/;.;• ■"/
; (I);- Positive between 24 and .-72. hour©*
(2)'« Positive within 4 hours®
*s not • measured. •
IoOb « growth hut very alight or,no chan go of colour in both coaled and
unceiled tubes»
H*ci >  growth with very ©light or me :'©hang© of colour in sealed' tub©'but , 
no growth,in -unsealed om »-. . ,/•
H1I
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growth with the developnent of blue■ colour"in unsealed tube/ 
but growth without change of' colour in sealed one, 
no 'growth in both sealed ano unsealed tubes,
: no growth in. unsealed .tube,
femsntative# . 'producing ;ac?id' - in both-sealed and unsealed tubes, 
fermentative,* Reducing acid only in" the sealed tube; unsealed 
tube .-.showing no-.growth or growth with/ very -.slight or'no change 
of colour,
oxidative,, producing acid. only, in' the. unsealed tube * sealed 
tube -showing growth with very slight -change of colour, - 
equivocal result 
colony covered the whole plate.-
of Gram-positive rods (9 out of 11 spore-fosmors and.$'out of 11
; non-sparing strains) wore, positive in this.tent* v/
; Collul&cef he filter .paper strip method mo-upod -to.-■ detect ..cGllulae© 
productions' /none /of /the'i 102- strains/dieiniegrated "tbs paper# \
Chitinase* Th© production of the en’sym© ohitinaso wae detected ...using: - 
chitin agar,-medium/containing 0*25 per cent*chitin*; Only 4. of; the/'/; 
36,^ pasHn©gatlyo':rod© produced 'Ohitinase^  ■ 3: of. which showedstrong-, 
positive^ 'reaction* the /ratio between the rriwintsa distance: from ths 
edge of -the colony to the ©dg© of the clear son© andthe-'jaaxiiBua.:.//- 
diameter -of the- colony .ranging from' 0*62 /to 1*36*-' Four of the'11 - - 
Gram-positive; opore-foraing rods also showed ohitinas© production hut ' 
tvere only woafcly positive, the range of the ahovo ratio heitig 0*08 ,
to 0*18* All of th©-Gram-positive .cocci aM Oram-positive' non-. ■ ;/ . 
©poring rode were negative in this test*
: Aesbulln hydrolysis* This test was carried out in' a medium ■containing 
0*1 per cent *; aosculin (mo page 47) * hydrolysis of aosculin being ■ 
detectedusing-ferric' citrate®;/;. . ./■■>. :
All' Gram-positive .spore-forming bacilli*- and the majority, of. ■
; Gram-positive non-sporing rods (6 out of .11) and; Graia-negativ© rods 
(36 out of 56) hydrolysed aeoculin whereas only very, small -.proportion 
of Oram-positive cocci (3 out of 24) did so.
Qxiflation-feraentation (O-F) test* Oxidativo and fermentative.
metabolism of glucose \mo determined in Hugh and Leif son8 s medium
;(Hugh and Leif eon* 1953) containing 1*0 per cent* glucose® Oxlda- ■
, tivo metabolism was mcominon, and was found only ,amongst . the. .Gram- ■ • 
negative rods whereas a fermentative' ta©ta£boliem was widely distributed 
. ■ amongst ,the ‘different/morphological/groups* ■
Of the 5 6 -strains of Gram-nop.tivo .rods 32 were • fermentative •.;■
. showing■ acid production ■ under, both anaerobic and, aerobic conditions* - 
6 were • oxidative forming' acid- 'only in-• the preseme© of oxygen (althoa#* /' -
/ growth also appeared 'in.anaerobic* conditions)*/8 showed.no growth at 
- all, in either .conditions* and the/iodjprity/(B)''of the remaining, 10 • 
/though "Rowing in both sealed'and, unsealed tubes* failed to produce ;
■’ acid in-any.
Fermentative metaSbolicm was shown by 13 out of the 24Oram- 
positive cocci, 2 of which produced acid only under anaerobic conditions® 
Five of the cocci grew either in both scaled and unsealed tubes' or only -
In sealed tuba without showing any acid reaction: whereas the remaining. • ■
' 6 did-not g^ ow. at all in any tube* \ ./
/;; Five.of th© .11' Gram-positive, spore-forming bacilli v/erefemontativoj 
4 being able to:produc©:acid only..in sealed tube and .only on© showed acid - 
: reaction in both' sealed and/unsealed" tubes* 'Of the".remaining '$ spore-- -'
.forming'.organisms, 5 failed to-grow, in any tube and on© grew in.:.sealedv/.. 
.'tub© without showing'any acid "reaction*
- . Four of tho 11 Gram-positive non-sporing rods wore fermentative .-, 
producing acid in both scaled as wall as unhealed cultures. Four of 
th© non-sparing rods were-unable to grow in any tubs- and the remaining 
■;'3t'though '-'grew either in both tubes or-only in sealed, tubs, failed to 
produce/acid®
Kicroaoropbillsia* A' heavy .growth" - confined- to; a. sohe ,ot ;&■ ffcirf ace • '<*• r ;
millimetres,'belotY -the surface of the medium in unsealed tubes of the ; / 
Q-F test,;ms taken -to' indicate microaerephiliem. Only 18 of .the', 102 .
’ isolates..were mioroaexopfailicf - all-''were-■‘Gram-negative rods* It is 
interesting that these microseropktles included all of th© 8 yellow- 
•; pigaented*.motile strains and 5 of Vtho 6 oxidative organisms* -fhe '
"' '"combination -of oxidative'atiack/'of; carbohydrate'-with mieroaerophilio.:
■ ;. requirement would, seem to he' without", counterpart .amongst' bacterial' ■
;.; although no attempt'y/as made/to study/these organisms •.'-further* they/:
- seem.-to form an'interesting, group/which-would repay new detailed . 
/-'.investigation* '
Catalase activity. 'The. presence of the ©ttsym©' eatal&se was' tested! - 
using 20 Vol. H2 02. All the 102 strains* with the exception of 
. strains 45 and 61 (both4h?am~positive, non-sporing*' ovoid cocci)* ware 
catalase-positive." :
. Oxidase' activity. -.: f he oxidase paper method was employed. Bather more ■ 
...than/half of tho ''Gram-negative rods (30 -out :of 56) and all of the -11 
1 /Oram-positive* spore-forming rods- were oxidase,; positive. All of th© 8 "
• ;yoliow-pl0&ent©d,• motile*' Oram -negative rods were -oxidase.negative* 
though'catalase positive* and this'is of interest in the light- of .'the .
■ view*' which will be later expressed *; that organisms of: this • kind *'
: commonly -referred to" as.8Chromobacterium typhiflavum* should more 
pfoperly be classified within-th© Enterobaoteriaceae (whoso members ■' 
are universally catalase positive and-oxidase negative).- Four out of the 
24'"Gram-positive .cocci and 4 ©ut of the 11' feus-positive non-sporing 
. .rode; wer# positive/in this tost*'•
Indole reduction. Ether* -followed by BShne* s reagents (Wilson .and 
Miles, 1964), was added to 4 day peptone water cultures. All the 102 
strains, with the exception of strains 27 and 49 (both Gram-negative 
rods), were negative in this test. '• fhese largely negative results 
seem umsu&ly since bacteria of many different kinds ..were - isolated, 
and the -property of indole formation is by no means rare, but'adequate. ■
• controls were included' (see Materials ■ and Methods) and t c  seems no ’■
. ■ • reason to doubt 'the- accuracy of - the -results. - A
' Hydrogen1 sulphide' production. ' fihis was detected using strips of lead •• 
acetate' paper (Clarke, 1953) -inserted.over peptone ■ water cultures. 24 
out of the 56 Gram-negative rods; showed H2S production whereas only one 
strain-each of Gram-positive cocci and Gram-positive' spore-forming bacilli, 
and -2 strains of Gram-positive non-sporing ro-ds were positive in this 
test. .' All "of the' 8 strains of .yellow-pigmented, motile, Gram-negative 
rods produced fi2S.
Ammonia production. Eroduction of ammonia from peptone was tested, by . 
adding Kessler*s reagent to 6 day peptone 'water, cultures.. I’he majority 
of the Gram-negative rods (36. out of 55) and all strains of Gram-positive 
spore-forming bacilli j-rcSuced 'ammonia. On the contrary, all of the 
24 strains of Gram-positive cocci and 10 of the XX Gram-positive eon-, 
'sporing rod* were; negative ■ in this test.
Saline agglutination,; .
The behaviour of bacterial cells in 0.85 per cent. NaCl was tested as 
previously described. . Only 3 (strains 50 and 1X3A, both Gram-positive cocci, 
and strain 42, - a - Gram-positive,' non-sporing red) of the 102 cultures v/ere 
saline agglutinable* .
■ Oomputor analysis: of 102 strains, .
-Isolated in the General Survey
The computer oaXcuXatofi values • of ;fSfX percentage' 'of similarity) -.ranged from : 
35*9 per cent* to 99*6 .per. oent* ..Fig*: 5 is an^ xatarpleVof’.a ..typical portion of. 
the'-oiEjilarity'.’matris:.'.produced:>y '-th©' computer* A.-.!The '-'grouping obtained using -A 
f*L*Xi* :©e.thod was used to. construct a dendrogram (Fig*' 4)* ."In order; to.!make ..the 
dendrogram.simple9 it- has been drawn. ,to Vshow Spar cent.- steps in similarity* . ■/ 
mther than the 0*1 per cent* steps at which the computer print-out \ms produced*
; Dendrogram A. ---'.'A
, The- strain numbers 53:’ to $2$ at the bottom of the ' dendrogram are in A 
. the:-rearranged order in which they were-printed' out’ from .the computer ,in S.I»*L*.A; 
method at tho final level of 63*9 per cent* similarity* at wh«ch all strains 
.' coalcooed into .a ©in'fiio group and' sorting.-terminated* .AS* values’-.arc' indicated _ 
in the .'dendrogram as .horizontal lines at the appropriate value § linking the 
strain* or group stems*."
. ■ Ccttain' strains* ©*g. nos* Strand 83$, 2? and-361 . ,130*'101 ■and 25? '■
93s " 86 and 103? and some otJers were Joined in the dendrogram .at :■95 P.®r .cent* ,
: to.97*1 per. cent*, *S* Radicating a very close - relationship*., whereas strains 44 ■ ’ 
and::92 linked with' each;.other attd:with;the'rest: of' the strains;at.the level .of', ■ 
’63*9-.per cent* showing only a'distant1 relationship with each, other and-also- with 
■■■the remaining steins.':
Selection of. ,B* ’values for-defining groups A
. u*riPW*niwm wwMWWMWwiMM^iiMiii^iauwwi nWBmyiwM!— n>—i*iw«Mmhatfniwiwn.iii*i.iiiiwi‘mitirinino: tfuwinfiri <*'»*»
■ The percentage similarity of 84*3'.per cent* :was 'selected as a suitable 
■ value, for defining groups f since at that value .90 of th© 102 isolates 'were 
■encoujpa&^ ed within'12 . groups* 4'Of the remaining. 12"isolates which failed to Join 
. any'of .th©'groups because, they were related to-', the grouped-strains bolow the
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: Fig* 4 ■
Results of computer sort ins, 'using Single link Listing, of the 102 strains 
isolated-in the General Survey^ ••ekj^essed' in- the: form -of a dendrogram. The 
12 main groups at *S9 value 8^.3 per cent, are indicated beneath the strain 
numbers* ’
19 ' '100.0 '
20..' 86*7 100*0
n\: Po f 8?,8 100*0
22 ; 89*8 : . 86*7 100*0
23 : - •. 76*5 73*9 /7M.', 70*4 100.0
,29 74*5 81*6 79*6 V';74*5.v: /:89*S
26 74.5 79.6 75.5 72.4 89.8 91.8 100.0
27 67.7 70.6 66.7 65.6 60.4 66,7 56.3 100.0
28 66.3 71.4 79-6 72.4 69.4 77-6 71.4 58.3
19 20 ::/"21 22 23 25 26 27
35mEplo of a typical portion of. the eiBillarlfy matrix produced by the 
computer. Strains arc listed tooth vertically and horiBonteilly and 
•S' values for each pair of strains are thus found by cross-reference,
100.0
28
selected fSf value8 were intemediary strains'-between groups and 4- took their 
■ positions on .the .extreme' end'.of .tho: dendrogram* ..: ■.
/Selection of "type ©trains within''groups
■ • -The ..type-strain of eaoh dendrogram 'defined' $?oup ^ v® • pbiec*cC on' the ■; .'- 
•hasis' of'it© greatest' overall similarity to all'the. other-strains of a 'particular 
group* ,.kn • th©'caeo Of' one' #oup.tfer re * ere only--two' ©trains‘'of which, the one>:; 
with th®'/lower reference;:nuniber ms  arbitrarily taken to' ;bo'"the type ©train*, '; ' ,■
■D e a d r o g g a a  d e f i n e d  g p o u p s :'•■■■-,;
/■JPhe -ebnstitueni strains-of the-'12 groups. at .84*3\por cent* ■■•S’; values, 
are a© follow©! In* xmderiined-;': strains .arc type. s'trains# . •
. • ? C r o u p  1 *  ' S t r a i n ©  5 3 g B 7 » B S g S 9 g6 6 *
T o t a l  w  5  © t r a i n s *  '
G r o u p  I I *  " . S t r a i t t G ' ' ' 0 , 6 2 » 3 , 5 i f9 O > 3 3 i 3 ^ » 3 5 B *  •'..:
:, T o t a l e B  © t r a i n © *
. G r o u p  X X I *  \ s t r a i n © . 6 1 ^ 4 2 , ’50* ' '-V;.- 
/■'Total fc* 4 ' s t r a i n s * . i V V'\- 
.'; G r o u p  ,X?*; ■ S t r a i n ©  1( V t 8 g t £ g » 6 914«' ■ ': T - - a  ’ ’
' ■ ■ './T o t a 3  *=5 s t r a i n s . ■ ■ .
: G r o u p - V * "' ' .'Strain©: 2 6 9S7s' 3 6 *
T o t a l  3  . © t r a i n s * '
" ' .Group ¥X • ' Stminn 49»5B97T»230»im5,259l26?109«,'.
. T o t a l  «  S . : s t r a i n © *
: ■ G r o u p . V I l  S t r a i n s  8 5 j l 0 6 » :l Q 4 t T 5 » - '  .
; : - Total''« 4 ©trains* ’
' G r o u p ' ? m  ' : S t r a i n © '  5 6 s 5 9 ^ 9 5 f 9 ^ ' ; ^
■ ' ’ : "Total■;«*"5 .©train©* ■;■v
• Group XX*' Strains' 93»86a63>76,99986,8l«110«' ,
j:'■ Total :« ,8 steins*' ■
.Group %• ■. Strain© 127,71,?2*
-1 ;/Total «.3.©trains'.
; -.Group XI* ' Strains. ’
' .x23,xi6,i23B^^
'■;■ ,/■ : :209t.213^ 9,I?A ,10?l?Bf19$^ .,9B,22,4»;
Total. .«.. 35 ■ strains*,,.
" : Group" XXX - ., -Strains :'41s48*' ,
'Totals 2 strains 
Strains ungroupod' at''this' levelt
■ ■ .Steins 28f65s34j74g43sTi40f64glGSf21s44f92*
^ ^  . Total.« 22 steins*; - '
General deooriptibn of dendrogram defined groups and determination-‘of : the-' , 
systematic position of their ■■■typo strains .
Prelimlmry,notes*:: 1}: 'The-following .general .description of .the 12 dendrogram 
defined '.groups - is mainly based.'on Tables 29 and 26, although 'it may sometimes 
:;bo necessary to refer to -.Tables " 8. to 14 "for'full-details" of th© results : :
■ obtained -'wit h■ tho" individual /.steins* '-For./instance» organisms showing any', 
degree of Gram-positive reaction .'were . counted as Gram-positive. in Table 16 
hut in the subsequent description, based on tho data givon in Table 9§ they may 
..-he referred .to as; tes-variable ■ organisms
2)..; 4s previously stated, the,' strains /.from ..the; General: .'Survey 'mvo studied in ; 
-some'detail, partly-in'order to "select" interesting gtoups for. further- studios. 
,lo of fort pus, therefore, sad© to ascertain"the identity of ea oh strain of. tho
■Btwmvsr of 'eoarce' details, -of strain© according to c
Host epeeies Bondro^am defined groups
21 ' III 2? V VI . :Vice . \
Bombas Bpp#
;. (Bumbler bees)
y3;+-lV-':.l 4.2 1 4 0  :";0 4 0 ' 1 * 5 :  : 1 4 ;3 • '(
Haliotuo. ameathmanollus 
(The mining boo) ,
' 1  ,4 O 2.* o ; i  4- o , 2 4 i  ; 0 4 0 I * 0 :0 4 0  :
Syrphus opp® 
'(Hover flies) ■
0 4- 0 3 4* 0 0 4-. 0 1 4 0 . 0 4 0
r '
0 >  1 f ' 0 4 0 <
(Tho m m  fiy)
04 0 0 4 0 ■ ■ ■:o 4 o 0 4 0 ■ 0 * 0 ! “ -0 V ; 0 ■. i
Musoa domastica . 
(Th© houoo fly)
0 4* 0 0 4- 0 0 4* 0 0 4 0 0 4 3 O f 0 :
’ | ■ '
0 4 0 <
Total number of isolates ■ : 8 4 5 3 ' . 8 ) ./ 'V 4
■ lotos .Figaros- on the left land oido of the * sign .indicate numbers of surface j icolatos and
' Siaasaary of the main laboratory • properties oi dendrogram
■Be.tdrogJE am defined
I II ■ Ill ■ IV. ■ ■ -V
(5 strains) (8 strains) '(4 .'strains) (5 strains) (3 strains)
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a. © £V«rt 
■53 *P
. O 54
e.&
I■ -ft
Morphological ■
.VfBS* .
■■':,Oram-' v:'" '  ^.’ 
native rods'/ 0 4. * 3 '
*
!;■ *■ ' '- 
!-■ b
Oram- 0 0 
-positive - .cocoi . ' 1 0 o 0
. . Gram- .
positive opore-y, ' ' ^ ■ *7 
forming rods , * ‘ • ♦.•■■.:■’ '0 0 ■■'■■■ 0
. Oram- ..' 
positive non- 1 0 
eporing rods 3
1 0 - •v.-VO :
Mean length'
*•» >•» 1.5 loO 0.9 1*19 1.35 1*04
1
0.75 i 0.83:6.0.,
vdthin a 
group* X
Mean 
diameter •
ofallrods^ 1,12 112 ■°*54 0.6 0.62 0.6 0.63 0.6 0.39 0.37
within a 
groupt.'Y..
Eatio%/X: 3.31 2.33 3.29 2.5 1.61 1.5 2.84 2.25 2.66 2.02
0.44 o.
1.88 2.
■' -Kean 
diameter '
(in microns) 
of.' all" dram-. ■ 
positive -cocci 
within a 
group-.
0.75
Motility *>(3) 4(2) * +(5) 4
jgultural 
characters*, - -
Mean \ ■ . . . A  ; ■ ■ ’
°tcm pTraS?rfr‘ 37 37 30.8 30 25-6 25 27 25 30.3 30
°C. .
6.2 4.8 5.3 1.2 1.2 1.3 1.8 4.9 3.4
Mean giant"
■ colony'else A.
(maximum 7 f
■ diameter in \ . ® 
mm.) after ■.
'24'hourA' : A: • ; .
■ ifeiiow^  • ; ■■. „ 'A-' ' „ „ . _ _ ■
colony colour-: r ; ~ \ VA ” " ” ■■ A rA-A^ "
A Caret enoid;.'".^  . AA ■: A. A „ ' A  w -'J
pigment ■ .' ** ' ■ •■■'/**'.'■:■ ■ ”■ ” v ~A A ~ ~'A-; ~
MaaGo^o/n .'♦<*> ■* +(7) * +(3) * +0) -
a  g a r  A
* (3 ) -
Biochemical 
characters*
Gas, from. ■ '■ w  . ^ ^ ^ ^ ^
A.; gLueoee ■ :.:~ A  . ** *
- Acid ’from' ' . 7 / '■ -: ■ v A . V ,. • 4 • 4* 4- 4 4 4\ glucose.
Acid from
• arabinpce ■/.■—' ■ «'' ■ *(7) 4 - ~(3) - ’>  \A-* .. - ■
■ Acid from
rfcamnoeo.v,; ; , / ~ ■; ■ ~ , A
' Acid from '
; xylose . a V  : ; ~ ( 3 ) '■ ■■+• . A — ; .A- . ~ (£) '■'-.
'Acid from -
. fructose'' . ■-+ 4- A + ''4-’ 4- . : +.(3) - +■• -4*'
Actd-froma,.
p^lactose . - ~  . -» t(2) 4 **(4) '>. \.■■■.4 A A  4
Addiffcem ■
■mannose ' ■ «* ■;'■ 4*. ■’. 4- 4 '■ .'- 4 a •*•(3) •** ■ . -'4 '// ,4
Acid :fro© .
lactose/' . «• ; •* ■ ■. 4(3) 4 «*(4) ' .*» ■ ■ —
'Add from' '''A.
maltose A '" ' 4' 4 4(6) 4* 4(3} 4'-:' ~(4) A;. ~. A A '~
Acid from
sucrose 4(4) 4 4 4 -(2) - 4(3) « -(2) -
raffines©
Acid from A
d u lc ito l : . « , ■ -  ~ ' -■
Acid from . ■ • .-'v.'
glycerol «(3) / - 4 «-■ ■.’••'■•■'.>(2)
Acid from '. . ' w \ ;
In o s ito l ** *• «»■'«■ *"{3} ■-'«* ** 4 .-
Acid ftpoia
mannltol- -(4} •- * ; *(3) - • ' 4 •
' Acid from
..sorbitol . ■■T'-;: ' *(3) * ‘ - ’■.+
■Acid'from ' ■
sa lic in '. ■ . ■ 4(4)’' 4 ' . - ( 4) : ’ v .
/Oeiatin&ee
■production - + ./ 4, . ’
Urease;.,
^production.■■■- ;■"'*•»■ - .; -V(4) ; '
: Amylv&o
produuTiiori 4 ■ 4- .' . 4(5) .4' :*» ■ ..•■*<* ■■. . — ; —'
• Ghitinase
production -  -  4(4) 4 -  -(2 )
Aecculin
hydrolysis 4 4 .4; v  ' 4 :- 4 ' , ■ - ( 4 ) '  ■- . 4
o - P
reactions EG 110 IfG ^(l) <
: m  {Z) .
rdi) 3 
f (4) r
Catalan©
activity 4 + 4 4 “•(&) 4- .+
Oxidase;
activity ,4 , 4 4' 4' 1 •- ■ 4
Indole •
■production' - , l - ; ■ - ' . ~ ~
1128 produ­
ction ,.-(3) - 4-
4 4 ■
* 4(2)
~ ~<2)
NC(2) vf NC(l) m  F
-&J2J NG(4)
& Pale yellow (including.-whitish-yellow .and buff)' to-bright yellow*
Uotess
a/ All organisms for which any degree of Gram-positive reaction was noted 
have been counted as Gram~positi%r© in the table* 
b/ Hods also include ovoid cocci (or coecobaoilli). 
e/ 4 sign .alone « all -strains, within that group..were positive. / 
d/ ~ ei$i alone « all strains within that group were negative*' 
e/ lumbers in brackets indicate the number of strains 'giving the result 
...shown.-'
f/ ’ Equivocal results were counted as ~veo. ■'
g/ F « fermentative9 producing acid in both sealed and unsealed tubes.
hf « fermentative9 producing acid only in the sealed tubef unsealed tubs 
showing no growth or growth with very slight or no change of colour, 
i/ M0n « oxidative9 producing acid only in the unsealed tubes sealed tubs 
showing growth with very slight change of colour.
3/ ITC = growth but very slight or no change of colour in both sealed and 
unsealed tubes.
k/ ITC1 e growth with very slight or no change of colour in sealed tube but m 
growth in unsealed one.
P ..
1/ 1C *# growth with the development of blue colour in unsealed tube but
grot?th vTithout a change of colour in scaled one.
a/ BG e no growth in both sealed and unsealed tubes.
dendrogram defined groups. ''However* attempts wore .-.'made to -identify, as far as 
possible (at least atgeneric-level)■ tho type'-straino of each:group, if . ' 
ntcossary by carrying out further tests* The results of the additional tests 
are ■ "given in the torfc •
Group I (5 strains)« The organiser of this group were obtained mainly fro©
.: the -head'..surface.'of 'bumble :’bees* Ihe group consisted of .4';aerobic, ■' Oram-.;
' variable. (mainly..Oram-positive)spore-forming rods 2 of which wore motile and 
'a further'strain; of a 'Oram-variabloj -non-sporing.motile' rod*.-., .The summary- of'■- ' 
results; obtained with theao strains ie given in Table 16 which shows that the 
.':-najority: of .organisms -of. the' group, .arc very similar to the typo strain 88 
described in detail below. -
Description and systematic position of the type strain 88 of Group I.
Source * ■ Head surface-of-the buablo'boo. :
Morphology (Fig. 6). Usually straight rods the majority of which were estimated 
' ■: to measure 2*62^  x 1*12 Z1 *. In th©’. Oram-stained 'preparation .of the'. : 
growth from a 48 hour nutrient agar;culture’ 95 P0** cent, of the cells 
c'-fy mvo ■ .Oram-positive*;:;'• Motile* ’/. Spores; usually cylindrical, central -and only 
slightly swollen or not at all*
Cultural properties. Rough, rhi&oid type grey colonies usually 4»0 mm. diameter 
on nutrient agargplat© after 24 hours incubation at the optimum growth 
. : temperature; ;of 3?°0.. -Ifo growth .at 43°C - in peptone • water*' -'Faintest trace - ; 
of :anaerobio'-^owth;;on''’nutrient..agar*' Good growth on-MacCorikeyfs'agar*.
Biochemical properties.' Acid from-glucose, fructose, 'maltose, sucrose-and;
■ ealicin, but ’ not from; arabinose, rhamnoso, xylose, galactose.,' ..mnnose- •' 
lactose, raffinosc, .dulcltolj/^ yoerol, inositol, mnnitol and sorbitol5
no gas: from; glucose. Oelatlnaeo."+5urease'-ohitinase - % catalase 4? 
oxidase 4? indole -5 E2S*»f" BH3 .+$ aeseulin,. 'casein/'end starch -.- 
; hydrolysed? citrate utilisation -f V-?. -? ■ nitrate reduction *f ©gg«,\ 
yolk -reaction ;*$ Gibbon and'• Abd-ol-Malok tost -5- litmus' milk peptonisod
.'within T -days and do ‘'olourized slowly® :
All-the properties *. •with the exception .'of ,?-*? reaction* described- above 
:-r'A-are 'those-'of. Bacillus eereue (see 'Wilson aad.iiiles,-. 1964).#The strain .88* - '
.thus 5 arrears, to bo a variety of B. core us g probably B. cereas var. oyooldos - ’
boe-nre of the rhisoid nature of its colony and slow poptonisatioa and do-' 
colourisation "of idttnus;. milk... •/
Group Xl (8 strains). The strains in this group wore isolated mostly from the 
surface of nectar feeding insects (Table 1$)• The group consisted of 7 aerobic, 
motile. Gram-variable, spore-fonaing rods -and- on© 'motile*'-:-0ram-3ie^ tive*' rod .; 
in which no sporo' formation-.could‘be"- deaoh'strated*•'. Some of the laboratory;'' '" "
. properties of these organisms are':summarised in Table 16. '"-Of the 8 strains, :
'5 hydrolysed starch "and 4 wore of .special interest ■ in; that -they produced, the 
' .ohEyms ’chitinaso.; In. other :tests oil. or at least tho majority of organism's of"
; tho, group, behaved, in: tho .earn©'way as''that /of 'the typo 'strain 54 described below.
:■ Description and systematic position-of.the type' strain 54 of Group 11. ; '
,-: Source. . :Body surface of .the -mining bee. .
-. Morphology (Pig. 7 ). -Usually straight rods tho majority of which ted the .
dimensions.••!**>'1* ■ x . 0.6 [a* - in the; Gram-stainedpreparations" of the .'growth;;;.;- 
■ v 'frotD 48;.hour-nutrient agar .Oulttire 50 per cent, of tho cells' wore Gram- 
positive., 'Motile. Spores usually oval,;central and only slightly - 
.. /swollen or not at all.
• 159 -
Fig. 6. Gram-stained cells of strain 83, the type strain of the dendrogram 
defined group I, grown on nutrient agar, 43 hours at 37°C (X1600). .
Fife. 7. Graa-stained cells of strain *&,. the type .strain of the dendrogram 
defined group IX, groan on nutrient agar, 4S hours at 30°C (X16Q0).
Cultural properties# Dull; white $ smooth,. irregular • edged colonies 'usually ,
2*0 m. diameter' on;nutrient a^ ir .after."24 hours Incubation at the 
' optimum ^ o\rbh; temperature :o?;30°Ce.:'v Growth also at 43°C,an& 48°G in 
., ' peptone water•'\ Ibintesttr&cesdf sn&erobic .growth on nutrient; a|p?«/,
■ Door,growth •oa'’feoCdbkoy,c. agsr*. >•;
Biochemical, properties. . Acid from glucose, arabinose, fructose,. mannose9:■ '
. maltose, sucrose, glycerol, mtmitolr:; sorbitol and"salicln'-but "not from v 
rliamnoee, xylosey galactose,.,lactose, raffinose, duloitol and. Inositolf 
.- no gas from-.glucose. ' Geiatihase>| '• ureas© -f'cMtinarxr >5 catalaee ♦!
' .oxidase indole *»f B2S -j SB3 *H aesculin, . casein and starch .
: ■ hydrolysed! citrate utilisation *| V-P .+;■■. nitrate reduction *! '©gg-yolk : 
reaction . - jf Gibson'and Ab&-el-4!alek test.-5/litmus:milk poptonised and. •. 
decolourised from -above. downwards* a small’ white cldi. 'A';
On the basis of th© characters detailed above strain 54 »as identified as 
' Bacillus subtilis' (see Wilson 'and; Miles, I964.I ■ Oovran and .Stool t 1965)* ' -'
;’Group..111 (4' strains). Tho strains of. this group wore,obtained .from the 
...following sourcos'S '.2froa tissues of .the blow fly (one strain each;.:from.'head;.'and . 
alimentary tract), on© from the alimentary tract of the-bumble be©, and the 
remaining one' fmm the body surface of the mining be©*.'. The group:consisted of 
one Gram-variable 'and two Gram-positive,.noiwaoi ile, ’ non-sporing coseobacilli ' 
or* ovoid cocci, and one non-mot ile, non-sporing, Gram-variable coccus.' ■
* 11 4 strains or at least- 3 including .'-.the - type strain, 'gave- similar "results 
in ell th©'.tests'.-(see Table' 16) .with the exception of &cid.;productioxi'.’in'..rylcse- 
and sucroseand the D-F t e s t . •
. Description and systemtic position of th© type strain 45 of Group III.
Source. -Alimentary tract'of the blow fly.:..
Morphology (Fig.' S). Ovoid* Ctoa^sltiye-cocci? tho mjority of oslls
.measuring 0*9 ^  x 0.6 Pt :-usually 'in--pairs.which often. gave the appearance 
v'■ - ; -of short rodaf non-m6til© ond: mon-epQring. -
Cultural properties. - Grey translucent*'smooth, entire edged colonies usually . 
',' 0.2. tarn#'.diameter oa.nUtrxcnt agar after . 24 hours incubation at th© 
optimia growth''temperature of .;2Jj?C*. ■' tinder similar, conditions the \
' organism produced non-hacsolytic colonies of usually 0*5jaza» ■ diameter;m " ■ 
blood a gar. Growth at 3?°C but'not at 43°C* Door .growth on MaeOchkey’s / 
agar. Ho mucoid growth on 5 P8S? ennto sucrose agar®
Biochomlcal properties* Acid from .^ucose,-xylose, fructose, galactose, - 
. mannose,'lactose, maltose, mannitolf sorbitol and oalicin but not from 
■ arabinonQ, rhamnose, sucrose, raffinoso, duloitol, glycerol and inositols 
no gas from glucose. Gelatinae© ureas©'-f chitinase-s'catalase.-f
oxidase -s indole **f S23 «*| amylase -5 aosculin hydrolysed! acid and clot 
.in litmus millr® Fermehiaiive, producing acid both aerobically fund an- \
-' aerobically. .. ; ■/' ’ .
The above characters particularly the shape and arrangement of cells, and - , 
the .ability of the organism to produce acid from'lactose' and aalicin and to 
hydrolyse aesoulin indicate the similarity of the strain with the members of 
. group D streptococci which consist of both kaemolyfcie ffoBas and ttoa-haemolyiio 
/forms.- All the properties of thc'or^niemi.:describ&d above, save for its 
.inability, to grow at 43°Cf subset that-it may be a non-haemolytic strain of 
Streptococcus faecalie.
' Group l \ r (5 strains) • • / The organisms of this group ware' isolated mainly from 
th© surface of the nectar feeding insects examined (Table 15). Tho group 
consisted of on© • Oram-variable und four Gram-negative non-motile* non-oporing . 
.short 'rods* Except for the growth-on:IiaeCohkey'D agar (which'.was very poor 
-. to moderate when /present}- and acid.- production in glucose, fructose and sucrose 
-the iMjority: of the’: strains ■of-the :-^ oup: ^ v@ similar, results as :that-..of'the , - - 
type strain 22 (Table 16) described below* Whenever sold in sugar .was produced 
" by members of the group it ms.almost always after 48'hoiirs (usually-between •.,./ 
5-16 days)* /
Description and systematic position of the type strain 22 of Group Bf*
•■ .Source* - /Whole body surface of. the mining boo0
Morphology (Fig* 9). Short, stout Grao-nogritivo rods tho majority of which 
measured 1*35^ x O o S F t  usually occurring.sin^y and sometimes in 
pairs* . Boa-motile end. *»a-eporing* •
Cultural properties. After, 24 -hours at' 'the' optimum growth temperature of ■ 25°C. 
the o T g x n l m  ..formed. on nutrient agar. smooth, entire edged, grey, tens- 
lucent colonies of mostly 0*35 ma* diametero Growth at 3t°C but not at. ' 
43°C in peptone water* - Ho growth oh' l!acCorik©y#e agar* '
Biochemical properties* ' Ho acid;from tho following sugars.in'.Andrade -peptone . 
waters glucose, arabisose, rhaisnoso, xylose, fructose, galactose, . 
mamiose, lactose, maltose, sucrose, raffinoce, dulcitol, glycerol,
- inositol, manniiol, sorbitol, e&lioin, -adonit ol,' eollobios©, - dextrin and 
trehalose; no action on glucose even in Hugh and Lci^son1 s 'medium in - 
• either aerobic or anaerobic' tubs* ' Bo ’ growth'in nod^ unt containing KC1I* • 
Oelatinas© -1 ureas© *f amylase -cliitinaco -5 aesoulin hydrolysis -1 . 
catalae© +? oxidaso *f indole -S/H2S-—; P*P*A® —5 G*H*P«G* —5 15*11* -5 / 
'V-D —1 citrate and oalonat© utilisation L^uconat© oxidation -5 '
»■ *  ■
\
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ffig* Gram-stained cells of strain 45, the type strain of the dendrogram 
defined group III, grown on blood agar, 2lf hour at 25°C (^ 1680).
Fig,. 9. Gram-stained cells of strain 22, the {type strain of the dendrogram: 
. - defined group IV, grown, on nutrient agar, 24 hoirc. at 25°G (X1600).
nitrate. reduction -5. • decnrbozylatibn of -arginine, lysine and ornithine -
/Antibiotic sensitivity* Sensitive to penicillins ' streptomycin* ohXoraBH 
-phenicol'and orythronyoin*. ■
On ..the' basis 'of the. properties .detailedabove, the strain •22-\ms tentatively 
i&entlfledtas Ilima jx>lymorpha vet. ozydans which has been equated with Korarolla 
nonlie.uefaoiens by Henriksen (X9$3)« ■
Group V (3 strains)* ^he'3' organisms'of this • group- were Isolated from the'body.. • 
tissue® of the -single/specimen of house fly ©zamined* ''All were fion-sporing, 
Oram-negative rods , and tro \ ere', motile*, 'fheso orginisms sho cd moderate to'.-'" 
high degree of variation an cell sis© within the strain, though in the case of 
.each strain the majority-'of-the cells were short -rods*, On the whole -the' group 
properties seemed to he represented hy the properties of. the type strain 2?
(bob ?ahl© 16).
Description and systematic position of the typo strain 2? of Group V*
Source* Whole body tissues of the house fly*
Morphology (Pig* 10) « .Ctom-aegaiive,.motile, non-sporing9 ooGCohaoillary,to, .
■. long rods,, the dimension. of the majority' of t&© cells in agar cultures, 
after 24 hours being 0»75/*-2: Q*37^1 .usually occurring-singly*
\' ; ' , ‘
Cultural properties* White, translucent colonies.mainly 1*0 mm* -diameter on
nutrient agar .-after' 24 -hours 'iaduhation. at - the-optimum growth temperature' -
: of 30°C* SI ight.-growth, in peptone water'at 43°C hut "not -at -4B°C* -Good
'. ■ - growth on HaoCoi&ey's a{^ x’« ■ -
Biochemical properties*. Acid from.glucose,-fructose," galactose, {sannoso,
glycerol, inositol, oanrtitol, sorbitol and calicin but not from arabinose:
'•rfaaraaoe©,. sylose, lactose, .maltose, sucrose, raffinose and-'dulcitolj;. no ..
•6. gas from glucose*-'(telatinaae-s urease -'+5 asylas© -5 cMtinao© -5 aosculln 
hydrolysis *?-§ catalaso *s oxidase -? indole +5 H2S (over peptone water)
*5*1 growth in 'medium containing ECHOS'-citrate utilisation +5 malonate 
utilisationdecarboxylation of arginine, lysine and ornithine 
~l fermentative, producing acid both aerobically and anaerobically.
'tentatively:
On the basis of the properties described above, strain 2? was/identified
' '■ '■ ■' . : . ■ , ' ' V . fx .,
-:as Proteus ■:rettgeri. •
Group Vi (8 strains). ■ Of the 8 strains 6 were isolated, fro® humble bees,
1 from body surface of a mining bee and X from body tissues of a hover fly .
(see fable 15). . The bumble bo©.organisms consisted-of 4 strains from alimentary 
tracts and one strain each from the surface and tissues of the head. Tho group
consisted of 5 motile and 3 non~motlXc, non-sporing, short or coccobacillary.
Gram-negative .rods* Except for acid production in xylose (for which half of 
the strains were positive) and H2S production (for which 3 of the 8.strains 
were positive), the majority• of-' the. ^organisms of the group behaved in the same 
way as the typo strain 101.
Description and systematic position of the type strain 101 of Group VI.
■Source. Alimentary tract of .tho bumble bee.
■Morphology (Fig. 11). Grara-nogitivo, motile, non-sporing, short to coccobacillary
•: rods-.the majority of which, in agar: cultures after .-24 hours were ©stimtod 
to bo 0*9 P x 0.45 /~V usually-occurring singly.
Cultural properties. ; Gray, translucent entire edged colonies mostly 0.75 ism® 
diameter on nutrient agar after 24 hourc incubation at the optimum'growth 
temperature of 25°C. Growth at 37°G but not at 43°C. Good growth on 
HacCorkey's agar.
«• i6i «*
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Fig. 10. Gram-stained cells of strain. 27, the type strain of the dendrogram . 
defined group V, grown on nutrient agar, 24 hours at 30°C (a1600).
Fig. H a Gram-stained cells of strain 101, the type strain of the dendrogram 
defined, group VIP grown oa'-mtrient agar, .24 hours at 25°C (X1600).
Biochemical properties* , Acid from glucose, ,arabinose, rfemnosc, xylose, , 
fructose, galactose, Emnsose, lactose, feltose, sucrose, raffinoee,
^.ycerol,' mannitol, - sorbitol ''and saiieia hut not from dulcitol, inositol 
and atlonitolf - gas.'from glucose. Golatinase (Frasier’s method using 4 
.: day .gelatin ;agar • culture) • urea's©. -i amylase' -5 chitimse -f cellulose -i 
„ aosoulin- hydrolysis * | catalace ' oxidase -f indole —5 H2S -f P.F.A ./,-f . 
O.H.F.G. M.H* ' citrate and malonate utilisation *%■ .gluconate oxidation 
-I nitrate reduction + .^.growth, in medium containing ECS! -5' decarboxylation .' 
-. cf..lysine and ornithine- hut.of'arginine +*•'• Fermentative,-producing'acid.- 
?'both'aerobically and anaerobically. : The Qt&mlm when Inoculated as a 
• ©pot onto nutrient agar pectin gel. plates (German, 19.67) produced a ©one. ' 
of wrinkling on.the surface of the medium around the spot (see .Fig. 18) 
but not pectiholysis,'.-within 3 days of incubation at 25°C.
The type strain 101 closely resembles the Erwinia-llke organisms of Billing 
and Baker (1963). In an attempt to determine the taxonomic position of 20 
non-pigmentod and 2 yellow pfgasnted isolates from:plant material'-(primarily' 
pome fruit) these workers included in their studies some known strains of 
Egwlnia amylovora (38 strains) 9 Eg. lathyri (2 strains), Er. ananas (l strain), ' 
Er. carotovom .(1 strain) and J£r» atroaeptioa (1 strain) -for'-comparison. It 
was suggested that the 22 Isolates of’moertain identity, on the basis-of their 
similarity to Er. amylovora* should be ineluded in the genus Erwlnia» although 
they had no obvious phytopathogonic role. In addition to other similarities,
.all the 22 isolates-of Billing and Baker and 43 known strains of Brwlnia .
. species fed the following characters in common.
- -They were all Oram-negative,.motile, small'-rods. All produced acid from 
-glucose, smbinoso, ■ rhamaose, -'ryloso, .fructose, galactose,' mannooe, .^ycerol, . ' 
imnnitol and salicin but not from dulcitol. ". Hone hydrolysed starch. All 
utilised citrate. They were -all' ostalais©-4-|- oxidase "and--urease -f
Becontly Graham and Hod^iss (1967), studied 7 strains''designated' ? 1 
’Bacterium herbicola*, 5 strains designated . 9B.act» typhiflavum*, 6 strains of 
■v.Brwlnia lathyri, 4 strains of 'Er#,.ananass 5 strains of Er. urcdGvora, 1 strain .
of Er. rsilletiae and -5 isolates of yellow -orjpnieias from doer and 2 from mm. 
Graham and Hodgki ss found ..that, besides other similarities all ''the isolates ••. 
ozamined'woro positive in.the following testst .acid from'glucose, maltose, 
xylose, sorbitol, glycerol and .salicinf Catalan©!'. citrate utilisation!' O.B.P.G. 
All .isolates wore negative in -the following tests* acid- from adonitols. starch 
hydrolysis! rotting of. potato sllcesi cellulose-hydrolysis!' 'oxidase% lysine and 
ornithine decarbo^ lasef; growth in'.KCI.'
St is of 'interest; to note, that the strain 101 possessed all the characters 
(detailed above), which Billing and Baker as well as Graham and Ho&gkies found 
common for all Brwinla - like 'organisms and all known strains of the' genus 
Brwinla. '-The affinity of the strain 101 with the Erwinia' group> thus, appear© 
to bo' very;close. According to Bargey’s Manual (195?) the- - genua" Erwinia should- - 
be restricted to orgmisms. which invade the tissues of living plants and produce 
■ dry "necroses, galls, .-wilts and ©oft rots^  :’ .Since no attempt am© made to discover 
the. plant pathogenicity '©f,strain 101,' it-m s  not possible to assign this 
•organism to a particular Brwinla epoclcsi"--
- Group ¥f£ (4 ©trains). This group consisted if three mot lie, organisms from" ■ 
alimentary;tracts' and.one nan-motile' organism from the head surface ©f bumble .. - 
boos. All the strains - of the . group were Cfcas-negative, '-non-sporing* short to "
' eoocobaoillary rods# In all the. tests detailed , la Tabic 16, with the exception 
of acid production in lactose, maltose (where 2 of the 4 ©train© wore positive) 
and glycerol (where only the-type ©train 106 ras negative), all.or at least -.
3 of the strains gave similar results te those of the type ©train 106 (Table 16).
Description and systematic position of the tyr-© strain 106 of Group VII,
; Source, Alfeentary tract .of...'the 'bumble bee,
. Morphology (Fig, 12), GraiB-negative, motile,, non-snoring, short to cocco-
b&eiXXary rods lisually occurring' singly, The dimensions of the mjerity 
- - a- of cells,: in- agar cultures after -24 -hours, -were 0, .75 -P x 0,45 -P. -•'
. Cultural properties, . Grey,. translucent, entire -edged colonies, usually 0,32 ' 
tom*;.. diameter on nutrient agar after 24 hours incubation at the optimum 
■ growth-temperature, of 25°Ge ,. Growth at 3?°0 but not-'at %5°&* •' Good/..
‘ . g r o w t h  m . B a c O c s a k e y ’ s . ' & g a r .  •
■ Biochemical properties, 'Acid'froa glucose', rhamnos©, fructose.raannose,
I p a r i n i t o l , - :s o r b i t o l  a n d  s a l i c i n  b u t .  n o t  il’cc.m o r a b i n o s e ,  x y l o s e ,  g a l a c t o s e ,  
l a c t o s e ,  m a l t o s e ,  s u c r o s e ,  r a f f i r i o s e ,  . d u l c i t o l ,  g l y c e r o l , , - n d o n i t o l • a n d : - ' 
i n o s i t o l *  . n o  g a s  frort'glucose*., G e l a t i n a s e  u r e a s e — * o s y l a s c  - j  . 
o h i t i n a s e  •>; a e s c u l i n  h y d r o l p e i s  *•' ' c a t a l a s e  + * . o x i d a s e  i n d o l e
H 2 S  0 . f 4 P « C v ;4'; **j; c i t r a t e  a n d  - m l a n a t e : u t i l i s a t i o n
G r o w t h  i n  i a e & i u a  - c o n t a i n i n g  KOI; + ♦  d e c a r b o x y l a t i o n  o f  a r g i n i n e , -  l y s i n e  
.: ;.v . : a n d  o r n i t h i n e '  ; f e r m e n t a t i v e , ^ . r e d u c i n g ' a c i d  b o t h  a e r o b i c a l l y -  a n d  ,/../■ 
a n a e r o b i c a l l y , '
Although strain 106 possessed many properties of both the genera' Gjtro- 
bacter and Snterobacter, - it could ..not strictly be included in "--either of the . 
genera because of;its friability to produce ges-'fraa glucose and to i.roiuq©/-'.’- 
arginine, lysine' dr oraiithinc decarboxylase,. The best identification which 
• can be made* would seem to be that it is clearly a member of the-Baterobacteria*' 
••ceao. and probably closely related to the Citrobacter -Knterobaeter sector, '
Group VXII~(5■strains)* Four out of five isolates of this group were obtained 
; from the alimentary tract/of the .bumble bee. . The group consisted of one non- 
motile, and four motile sir ire, of .0ram^egalive,'non-sporlng* short or ,-cocoo- ■ 
bacillary rods. With the exception of acid production in raffinase, nil or 
. at least 3. of the 5 organisms' .of the group gave similar results to that of the’ 
■type htrain.60.''(see Ikblo'16). ■ ■:/'/.
Description and systematic position of the type strain 60 of Group ¥111.
Source.' - Alimentary tract:of;the bumble ’bee..
Morphology (Fig. 13)« Gram-negative, motile, non-sporing* ~ short rods' usually 
occurring singly.' Is -agar cultures after 24 hours the majority of cells 
were estimated to be 0.9 P x 0*37 /**•
Cultural properties. . "Oreyish-wblte, opaque,.entire edged-.colonies, usually
0.6 ©a. diameter on nutrient agar after 24 hours incubation at the optimum • 
growth temperature of 25°0. Good growth at 37°C but no growth at 43°C.
.Good growth on llacCohkey’s agar. .
Biochemical properties. Acid from glucose, arabinose, xylose, fructose,
. /galactose*. ©annose, maltose* sucrose, raffinoso* glycerol, inositol, - 
'aaxmitol*: sorbitol, salioin,cellobioeo' and trehalose .but .not'from /•.. 
v rhamaos©, lactose* duleiiol, ©donitol and dextrinf gas' from -'glucose* ,
• mannltol, maltose, sucrose* glycerol, raffinose* sorbitol, oilicin and 
trehalose. Oelatinase urease amylase -f chitinase aesoulin .
, hydrolysisf catalase'■■♦5, oxidase —5 .indole $ H2S P.P.A. —? ; 0*11.P.O. 4*1 
citrate utilisation- *f mlonate utilisation^-! •••growth .in medium-containing. 
1CCI *! decarboxylation of arginine, lysine and ornithine *5' M.H. 4*5
^  " ' • • . ' 1 • ;
7* £' *V* >  1‘ • j
*•** • w Ast* *• i
■ ■ ■ ■ ■ ■ ■
JL2. Gram-stained cells of strain 10$, the type strain of the dendrogram 
defied group ¥11, grcmi on nutrient agar, ZL hours at 25°G (XlGOO).
13* Gram-stained cells ,of strain 60s the'’ type stav an of ihe ' dendrogram .
., defined group VIH, grown on nutrient. agar, "24' hours at 25°C. (XlSOO), ■;
producing acid both aerobically and anaerobically®
t^entatively!.
On the basis of the properties given‘above* strain 60 was/identified as 
Bnterobacter liqtuefaeiefts*
Group IK (8 strains)» All strains in this group were from humble bees9 4 being 
isolated from the bead surface and the remaining 4 from the alimentary tract. 
Organisms of the group were motileg Gmm-n©^,tiv©f non*-sporing9 short to 
coccobaoillary rods producing yellow colonies oi nutrient agar* Of the 8 strain?* 
one (strain 110) failed to produce acid from s Xxein and to hydrolyse sescuHns 
2 produced acid from galactose and 3 produced a trace of gas from glucose* In 
all other tests the whole group behaved in the same way as the type strain 103*
Description and systematic position of tho typo strain 103 of group IX*
■ Source* Alimentary ' tract of ' the bumble bee*
'Morphology (Fig* 14)* Gram-negative ? motile9 non-spcring short to cocco-
bacillsiry rods usually arranged in groups and singly* The majority 
of cello$ in 24 hour agar cid,tures§ were estimated to be 0*9 P z 0*4571 *
Cultural properties* Pale yellow* smooth* opaque* entire edged colonies usually 
1*0 mm* diameter on nutrient agar after 24 hours incubation at the 
optimum growth temperature of 25°C|. when incubated anaerobically at the 
same .temperature Tor 7.days tho.'growth■wtis very slight and-pl^ nentation 
was absent* Growth at 37°C but not at 43°C* Good growth on KacOonkeyss 
agar* Mucoid |p*owth on honey agar* Good growth in th© presence of 
. 6*2p per e#st*5. 12*5 P©r cent* and 2^ -por cent* glucose* ■
Biochemical properties* Acid from glucose $ arabinoce, rfcamnoso , xylose , 
fructoco, mannose, Altos©,;sucrose,'mannitol, c&licin, cellohioser 
and trehalose hut not from dulcitol, galactoco, lactose, raffinooe, 
glycerol, inositol, sorbitol, dextrin and adonitol? no gas from glucose*
■ :08latihase-;+.? ;urease;—; chiiinaee ? asaylaso -5 aesculin hydrolysis *§-'5 \
caial&ce *! oxidase -1 indole.'—5 II2S 4-1 “P.P.A* -5 O.lI.PoO* +.5 citrate ■ 
and cnalonate' utilisation +j. growth in medium containing KCH 4* (48 hours)! 
1*R* and V-P variable! gluconate o^ ,dation -5 nitrate reduction 
decarboxylation of arginine, lysine and ornithine fermentative,
■ producing acid bolh c erobically and; anaerobically.. The organism when =; '■ 
inoculated as a sppt onto nutrient a^r pectate gel* plates (Sterman, 196?) 
produced a son© of wrinkling on the surface of the medium; around' the 
growth (see Pig* 18) but not peotinolysis, within 5 days of incubation at 
25°0j resembling in this respect strain 101, the type strain of group VI,
On the basis of the characters given above, strain 103 was identified as 
the organism known as 9Bacterium typhiflavum* (Bresel and Stick!, 1928). 
Oruickehank (1935) suggested that its appropriate place would be in tho genus 
Cfaromobacterium* Wilson and Miles (1955) eventually transferred this organism 
into the genus Chromobacterium and named it fChr* t.vphiflavum*» x
Organisms resembling *Chr* typhifiavmn* were' later chosen - for further, 
study as a group of special taxonomic interest. All strains isolated in tho
General Survey were studied in Wrexter detail together with further isolates
; ■ ; ....X;: V . X - . X X -X-
obtained in the Special Surrey. The results will be detailed later* In the 
discussion of 'this thesis an argument for the inclusion of fChr* typhiflavum* 
in the genus Brwinia, as Br* typhiflavuia, will be given* -
Group 1 (3 strains). All" three isolates'of the.group ■were'obtained from.the 
head surface of the same specimen of tbaimnblc bee and all of them were non- ' 
motile, non-sporing ■Gram-|50sitive cocci* fable.' 16 shows that -'in .the .tests ■ 
performed, all or at least two of. the-'-three strains. of the .group reacted in
the sas^ . way* xx.-.X
Description and systematic position of fcftw' type strain 71 of • Group 'X,
Source* ■- Head surface of the bustle bee.
Morphology (Fig. 15)* Graij>positivc, non-motile ,• •’ non-spcaring. cocci usually 
x, ' : •;arranged' in-groups and gmpe~lihe clusters; usually 0, J5 '^ -diameter,'.'"
■ when examined .in a Gram-stained smear made from, a 24- hour;nutrient agar 
'culture.
Cultural properties. Buff, opaque colonies with irregular edges, mainly 
0,45 sm* diameter, on nutrient agar after 24 hours incubation-at the 
.'optimum/growth temperature of 25°C, Growth at 37°C.-but not ab43°0, . 
Good growth csn MacGonkoy*©'- agar.
Biochemical' properties,' ■ ' Add'from glucose, arabinose, xylose, fructose,'
.mmose, lactose, maltose# -sucrose, raffinose, glycerol, siannitol and • 
sorbitol but not Tran rhszano&e, galactosedulcitol, inositol and 
'- salicin* Xno■ gas fr<m glucose, •. Gcl&tinase *; -urease-:-; amylase -j'■.
' - chitirmse — « acsculirx..-hydrolysis>; catalase + : -oxidase -• M,R, *•
nitrate reduction ccagulase <•»•' indole -• B2S-. -j - fermentative, . ’ 
X producing'acid both aerobically and anaerobically,
vv ."."X'. . .tentatively
X Strain 7i> on the basis of the above ehnsrvaiit^ s. .ms /identified as
' ■ "  ^ . t\
Staphyloc psoas e pidermidis * the mm© which • is customarily-used for all ctajTylo*.

a w v
Pig. 14«, Gram-stained cells of strain 103, the type strain of the dendrogram 
defined group 14, grown on nutrient agar, 24 hours at 25CC (X16-G0).
Fig* 15> Gram-stained cells of • strain 71, the type, strainof the dendrogram' ■ - 
defined■ group ;X,- gro\m on nutrient agar, 24.hours'at;25°C..(Xl6dO)*
cocci other than coagulace-pooitive Staph* aureus (Cowan and Steel? 1965)*
Group XI (35 strains)* . Organisms-.of this group were obtained mainly from 
bumble boos and mining bees (see Table 15)* This group was morphologically' 
hoierogeneous consisting of 15 Gram-negative rods? 2 Gram- positive (including 
1 Gram-variable) rods? and IS Cram-positive'or Gram-variable cocci* -All strains . 
were noa-oporing*14' of . the 15 " Gram-negaiive rods wer©"motile and all the ; 
remaining strains-©f the. group.were non-motile* 'It is interesting that the groups 
in spite ©f .being morphologically heterogeneous appeared to -be 'reasonably homo-;,
■ g m m m  on the basis' ©f■ other .properties given in Table;.16*... The'only character©'- 
in:which the majority of the- strains were not similar to the typa strain'55 were- 
colony colour? acid production in ■ glucose and oxidase activity? although in 
these last two'tests half ,©f the. strains behaved in the same .way an the type 
strain*
Description and systematic position of the type strain 5*3 of Group 11* .
Source* .' Head'surface of -the-.mining -bee*
- Morphology (Fig* 16)*' . (kam-vari&ble,•.non-mot ilef aoa-sporing' cocci’occurring ■
m" mainly in groups and tetrads? usually 0*9 fa diameter? when examined in a
" Gram-stained smear -md© from a 24 -hour nutrient' agi.ir culture*:.' -
Cultural properties* Lemon-yellow? smooth? ©paoue? entire edged minute, colonies 
''usually about. 0*1 mm* diameter ©n-nutrient agar after ,24: hours incubation 
. at the optimum growth temperature of 30°C (or 3?°C)* .’growth at 43°G* 
Bood,;.gr6^ htott3HaeCoxfc©yT8 .agar* ,
■Sioeheaioal properties* Ho acid production from any of the' 17 fermentable
substances used (Table 16)? growth but no action on High and Leif son’s 
medium containing 1*0 per '©oat* -gluoos© either..aerobioally or a»aerobi*Q\
©ally*'
GolatinaBe *§ ureas© »? amylase -§ obitinase nitrate reduction— ? 
aecculin hydrolysis ~| catalaoe +5 oxidase -? indole -5 K2S -5 U.K. -? 
■■■ V-? -? coagulace —£
■" ..tentatively'
fhe strain9 on the Irris of the above resultsj was/identified as 
Mioroeoccus luteus*
■Group-XII (2 strains)* Both strains were: isolated from the body tissues of .'the - 
same specimen of • the; mining - bee and Both organisms were Oram*-variabl©.$ non---.' 
•motile , non-sporing rods which 'occasionally showed branching*. Strain 41 was 
; chosen at random to be' the type. strain* ; It may be added that both strains. 41 
and 48 gave more or lose the:'same results in. all the tests' performed (see. .
Table 16)*and it is likely that these strains which were initially considered 
to be different on the basis of their colony morphology (especially sise) were 
exactly similar* .
Description and Systematic position of the type strain 41 of Group XIX*
Source* Body tissues of the mining bee*
Morphology (Fig* IT) • Oram-variabl e ; (about 85" per cent * of cell e' being: Gram- ■ 
positive), non- motile , non-sporing, highly pleomorphic rods the majority 
of which, in 24 hour a^r cultures, wer© estimated to be 1*5 Z1 x 0*52 f15 
. occasionally shoved branching* Six hour agar, culture regularly showed . .
'; branching rods and short filaments* . . \\
Cultural properties*■ Yellowish, opaque colonies usually 0.2 mm* diameter on ■ 
nutrient agar after 24 hours incubation at the optimum growth temperature 
of 23°C* Growth at 37°C but not at 43°C* Moderate growth on MacCoakey’s 
agar* ■
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Fig. 16. Gram-stained cells of strain 55 > the type strain of the dendrogram 
defined group XX, grown on nutr&ont agar, 24 hours at 30°G (&1600)«
Fig. 17. Gram-stained cells of strain 41. (one of the two strains of the
dendrogram defined 'group XII), gtam on. nutrient agar, 24 hours at 
,25°C (X16C0). ■
Biochemical proper tie s. Acid from ./glucose* arabinose# xylose* fructose*
galactoso* mannoss* laotose* maltose* sucroso* glycerol and oaliein.h u t ' 
not from rhamnose* raffinooo* dulcitol* inositol* mannitol and sorbitol5 
no.gas from glucose. Gelatinaoe tf tireaae +5 timylnsc +5 chitinaoo -5 
aeGculinvhydroiyeie ■?*! .catalaee -f-f oxidase-s indole -j H2S -5 malonate 
utilisation +5 citrate ufilisaoion tyrosine'* xantMne and hypozan thine
decomposition ~f casein digestion.—? growth in mineral medium under 
."'liquid paraffin "after M  -.hours -Ifermentative j producing, acid 'both’ '
' aerobically and anaerobically# , '
■ provisionally.'
Strain 41.. me^identifled bb g member, of the genus looardia* the typical 
morphology seen in 6 hour culture being the major factor in this identification#
A discussion of the possible significance of these type strains will be 
given in the ■final selssctioa of this thesis.
Section B
Preliminary notes
1®. It tee-' already 'been ’pointed out that - alimentary tracts and bead •' 
/-tissues of 41 .’apparently normal' bumble bees and' 13 ©psoimens of, different 'typos." 
of flowers' war© examined’ in the .Special -'Bttrvi y* n r * £ . that initially three -groups- 
. of bacteria were ©boson; for: special attentloh* IMs'o m m  a) ohltinblytic • 
/organisms,.b) ;-■ organisms' resembling 1Cfaromobactertiiiei typbiflavua1 and ’
©) or^ntsss ■ resembling * Bacterium -eury&ice* /lo; ©bitinolytio, organisms /were; 
isolated from the tissues of-:the .first ;14of’; the 41 speoiaohs of''bumble bees: ■•' 
and '’subsequent, work .-.was,• therefore" -Confined- to" the' last: two groups'only*'■'
2* As previously stated (Materials and ’ Mot bods)' /honey'broth': 'and honey
.agar were • used for primary ■.isolations throughout' the Spesial }3urvey but -'in the '
case of the first 14 'insoot specimens' examined'in.the Survey* . 3 different ©hitin 
liquid .media and .ohitin/agar were also employed* . All/cultures.made from the •
first-4 /insects were - incubated aerobically at 30°Of . later -a ' temperature of 25°C"
,-was .found .-'to be optimal for,both :1* ’Chrgtyphiflavum* an^Bhct*- mirydioe1 groups- '
and' allsubsequent primary .eulturps were* therefore* incubated;eorobicaXly at •
this'.tempbrature*.
- ■BofiniBg- criteria for ■ -the '.purpose.' of -the- '.Survey' .
*Obroaiobacterium typhlfjavum* '■—■ like organisms* Hotile* ;,Orara«negitivof non-’; 
./©poring short rode dr. copcocbaoilSx* producing ■ yollbw-pipibnted colonies on-.-' ■/ 
’honey agar-on primary, isolation and -yellow-p5.gaonted or' non~pi@ae.nted aol'oniee " ■ 
'da' nutrient-- agar when incubated aerobically at 25°G* Ho .growth or . very slight...;"/ / 
.growth.without any pigscntation on nutrient -agar if incubated anaerobically at „:./. 
/.the.same temperature*'
•Bacterium eiirydlee*-* like'organisms* ITcm-motile* Gram-positive or (fram-variablc*
. non-sparing rode or coccobacilli producing small groy or whitish-grey* translucent : 
or opaque colonies on honeyegar when Incubated aerobically or anaerobically at 
2$°C« 2To\gppwth'or very slight growth/.on nutrient.'agar*
Kesulto obtained on cultural'examination of bumble beep* tissues (head and 
alimentary tract) and flowers , '
■ ■ Bumble beep; (Bombus -spp*) « fable 17 ©hows -the incidence and fable 18, the number 
of Isolates resembling * Chrbmobact erium'. typhlfI'avum1 / and , * Bacterium ^urydice* ,
■ obtained from 41 specimens/ of.-'bumble .'.beos* .//,;/
•Chromobacteriua iyphiflavum* - like organisms* According to the above ■ 
■Tables.:the alimentary tract was a better source -of •ChrVtyphiflavum1 - '■/ 
like organisms . than/.bead tissues8 • more bees carried the organism in the. -. ■ 
gut and sometimes more than one strain' Was .-'isolated from a ',single specimen* 
Organisms of/ this group . were .' obtained from 19 of the 41 specimens of bumble /- 
.'bees examined? 12 ^yielded; them- from/the .alimentary tract'/only* 5 ' : f r o m  both /- ■: 
head and alimentary tract' and 2 from head only* '.As far as. the number .of ,
' isolates me concerned* out :©f th© .total of: .26, * Chr* typhiflavum* ~ like ■ 
organisms obtained from bumble bees 17 came from 'alimentary -.tract only and/; /■
6 from head oiilyi . 3 wore foirnd .to-bo'/prcoont. in both/head and alimentary- ■: 
tract *: and one culture only of each; m s  preserved for' study. -/The incidence': 
of - the organisms of / this -group' in . the two - species of the • bumble' be©: /•
(Bombas terrestrie and B. aororum) m s  apparently' more or less the ,sams* ../
1 Bacterium euryfiice* - like'organisms. '"Unlike the above group* - the -frequency.- 
with'-which organisms resembling - *Bact. ourydice* occurred in both alimentary ,;■ ■' 
’ tracts and head tissues ' me more, or; less the same (see Table. 17)* ■../"Out: of ;/-' 
the 23 specimens 'possessing, this $?oup;of bacteria 14'were-found-to;, contain:.
: TABLE 1?
Incidence of organisms resembling. tCtoaoKic?toritim typhlflavum8 and‘Bacterium 
ourydice* in the tissues el 41 Uimble bees©, '
Host species. ; Ho# of/. Site from which • CtedmobacrfeeritiiB ■ ®Bacterium ■■
".'Specimens
■:';0XaiBinOd';:
: .4* culture0 obtained . typMfikvuailaic© 
. organisms,
. :iurydic©s« 
: like ■
Bombas terrestrin' 7 ; . Bead onl y ■
. v Alimentary 'tract;-
■ ■only;-'
/V/'
2
"O’ .
-■■ ■■' -V:-;
■' '■ ■ ' - . VF '
. Both head and 
alim *>niary tract' I ■ •: 3 ■
VvX ' ' , Tot-i. incidence - ". 3' ■ :■ 4 /
34
Head 'only ■-
Alimentary tract 
only
2 ■ 
10'
4
4 ;
Both head and, 
alimentary tract. ■ 4 ;,;■■■ 11
Totalv insidence: 16 '^3.9 ;■
Total incidence ’ in 41, bumble bees. ’ . 19 23
•Kote: Figures given Are the. numbers :of ••specimens in i^ hich the/particular ■
’■group of. organisms occurred- (regardless of .whether -.only strain 
/' r or more than'.onewas ■ isolated)* /
■ - . '• fmiE
Isolations of organises resembling- 8 Cliromobaeteriurn ty??hii>lavu»nt and »Baoterium 
euryflicee ffccm-'tfae tissues of 41 .specimens of'bumble bees#
Host species Ho. of 
specimens ' ' 
examined
Bite frora which * 
cultures obtained
Hof of isolates <Obtained •
. 'V- -.
- ’Ciiroaidbacterium, .
- '. organisms
8 Bacterium 
- eury&ice1 « 
. like
■ organisms’ .
Barbus
icrrestris 7 Head on3y o ; / ' . 0 '
Alimentary tract 
only 2 2
Both head and 
alimentary tract'1 2 h.
Total isolates ; 4 6
Baiibus
agrorum . 34., -■ Head only ' ; 6 8
Alimentary tract 
only 15 6 'y
Both head: and. 
alimentary, tracts 1 4
Total isolates V. ■ 22,; 18-,
all isolates obtained from. 41 bumble bees 26 24-
Note: - Figures given are’the number'.of, isolates of 'the particular group of' 
. organisms-which occurred in heads or alimentary tracts of a host 
species, .
* In cases where the same organism was apparently present in both 
head and alimentary tract, one culture only was preserved for 
further study.
■' them, in'.both; head.• and’'alimentary tract, 5 in tho alimentary tract only" 
v and the. remaining 4 •.in the head, only# The distribution:m s  in- fadt lpit© ••;,• 
regulars : 8. of ih©:':24' organisms' resembling tBact» ourydlce1 wore from'bead 
. • "-tissues only, another .8 from alimentary tracts ; only, and the remaining-8 -V.;y-.
■ were -isolated from -both alimentary-toots -and..head tissues (see' Table; 18) •
; ■ flowers. ■ Table 19 shows the -incidence .'and. Table 20' the number .of isolates' roses- -.. 
' .bling :$0hr. typhlflavum* and Bact. mtrydlee* obtained from; 13:specimens' of.flowers. ■
’ (’vth ut flower; stalk and sepals) .which were being visited,by -bumbloVbees at the 
tame of collection# Orcanieso/'rasembling'*Chr." typhiflama8' were' a little; more'' 
'.common' in the flowers' -than those resembling 8 Bast* euryftlcef, - Nasturtiums' ■
/ appeared to be 'a good source , and : these , and h&ohaelmis daisies sometimse yielded 
both types oforganisms*.' Organisms'' resembling tChr» • typhiflavua1. were the only 
ones-found in Dahlia cuiiivars,. otonecrop and Veronica: species* and a strain .of 
a .'* Bact. eurydlce * **• likd-.orginism was. the .only .isolate* from 'a-.scarlet .runner 
: bean flower..
Hesults'••'■obtained on .cultural :.
■'■'■ examination of the honeycomb . .
-Xn m  ''attempt to isolate'-organisms -resembling 5Chr. typh&navum* and Bact.-'eurydie'e
■-several cultures were made from'a frashly-purohasedhoneycomb" '(r*tb honey)- both '; 
aerobically and anaerobically at ,25°09 ■ 30°0 and 37°G using ilrce liquid media;and.-. ." 
;tno. solid media.--(see .pags;,52).' '-{Neither of the--two. groups 'of bacteria wore found, 
"the. only isolates --being :serobic and fmcultatively anaerobic, :Oram?«positive or'.; -. 
Gram-variable,, spore-forming rode. - No - attempt was 'mad©' to -.study -those '.cultures ;- 
/further*...;' -
■>;'.V:'SS£jS .'
Incidence of organisms resembling * Chromobaotorium typhiflavum* and1 Bacterium 
enrydlco* in 13 flower specimens#’' - .■
Hower species. Ho# . of • *Chromobacteriua B^acterium 
specimens ' , ourydlce*.,
esatalned / ’ ■ organisms . . :' lik e  ©rg>
■ ■ nieias
Bahlla tmltivars ■■; .
Aster '■species '.(Mtcteelcaae...daisy)
Phaeeolua multlflorue (scarlet 
runner bean)
Sodum species (stonecrop)
Voronlca spaoiee
wmnwiifw mmm ***■
Total incidence in 13 flower 
i./T specimens
2
2
5
1 
1
2
2
4
0
1
r
0
1
4"
i
o
0
10
Hotel. il'goros • given &*©'.:th©: number© of'specimens'in-which the particular group .
• , of organisms occurred (regardless of -whether only on© strain or. more 'than
■ :one,'was i s o l a t e d ) .'.
.? m m r g o
Iso la tio n s  o f organisms reoeafcling * Chromotracterium ty p h lflavum ♦ and 1 Bacterium 
ear.yaice1 from , 13 flow er specimens* •
_ Flowerspecies , Ho* of, ; 
epeel-
* Chromobaeteriu® typ~ . *
:' hin&vumv_2i2s:e‘ 6?ga-' ■■.— —---  ■ nites ■
Bo. g  t erium enrydice * — ■ 
liMe organisms'
.lens
erimined
Total 
no* of 
Isols**
, . 4] r* r« .
deferenoe.no* of 
isolates'- 0.
Total no* 
of. ioola^
tOO §M;|
Heferenco no* 
of-Isolates V
Dahlia euXtivars 2 2, Vv’,203*209* ' y 0 ■'.•
Actor species ■ (Michael 
Sks daisy) ■ 2. 2 226^28, 1 ' : ■ 225*
fropaoolum majus ■ 
(nasturtium) "5 . 5 ■237j2A3»247»■248*249* .
>■ " 240f 242 9244?
Fhasoolus'maliiflorus ■ o ' ■ «* 183.
(scarlet runner'boan)
'Sedum .epoc'ios : 1 - o - - 221*222* .a. (S'(stonecrop)-.
■ \Jf ....
--Veronica species 2 . 197,200* 0
'iptal'-'-:'.', ■ 13 : ;:23-;;: mm
Characterisation of strains resembling 
' * Chromobaotegium typhiflavus1 ( Group A) ■
Preliminary note
The term Group A will continue to he used to include all *Chr* typhiflavum 
- like organisms isolated during both General and Special Surveys and also a 
standard culture of this species* BCfD 9381*
Those comprised:-,'
Isolates from the General Survey 
(all from humble bees forming 
f \, . , computer defined ?^oup IXf '-see '
Table 8 for source details) .**#**•#•***»••****•* 8
Isolates from the Special 
Survey (see Table 21 for . 
source details)
!♦ From humble bees •***•»•••«•*• 26 
■ ; ' -,2. .I^ om'flowers^ *..•*•*.*••****•* 13 .
Standard. BCTC. culturef > • • . • •« • • • • •.••••«•*•» • •‘ 1
Total number of cultures. *48
Morphology
All strains were motile* non-apcring* Gram-negative* straight* cocco- 
bacillary to short rods with rounded ends and all except strain 222 showed a 
marked variation in cell eis@» Estimated average' ciae. and principal cell arrange­
ment of all strains are given in Table 25.? this shows that the organisms were 
usually arranged in groups or singly and their commonest appearance was of a 
short rod* On the whole all the strains of the group were morphologically
Source details of 39 isolates'-- resembling Chromobaoterlum typhiflavum obtained 
during .the Special'Survey*
'Bumble bses
Strain-
Hoi Species Sit# (tissue) ltof.no*of spe­
cimen
133 Bombas terrastris , .Alimentary, tract 30
138 it ■ V IS . ■ It IS ;;32'
140 « ft ' t» I f 32
148 ■' -'Bombus agrorum' it 36
154 » . , 1 It IS 41
151 ■.' it '■ It ' II 42
165 . it IS . ,!f : ..'46
168 »» ■ IS I . 48
170 'tt■ IS II 49
173 it it I. . U 50
177 ’ tt tt, ; . "Head
I7S 1 : *t ’■ ■ Alimentary tract. ■ 53
180 Bombus terrastria i. II tr - ,-55
186 Bombus a orua, 11 .. ■ If ,..56
193 '• it. , ■ 1 ir , 59
197y;
200 .
201 Bombus agrorua ...Head 60
203 it it ' 'Alimentary cbract 60
204. ' it ■ 60
208
200
212 Bombus ££rorua Head 61
215 :.' i? :' • ■ I I 15 63
Flowers
Species SamtJlo
Hop
mmmm
Veronica-.GpGcies
■ o - ■ «
Dahlia cultivars
:mHJs:..2i:icontinued)
Strain
Ho® .
Bumble boos 1
Species Site (tissue) Hif.no®' 
of spe­
cimen
Flowers
Species Sample 
ilo® :
■219 \ 
221 
222 
226 
228 
230a 
230b 
231a 
231b 
234 
237 
.243,. 
■■247';: 
■248 
:-249 y
Bombus .agrorua
Boabtts-.aiapogoa
I? I?
n
NBMONMMMm)
■Hoad 64:
.Head 0
' A1 y ■68
•: ■ Head : ■ 68
.Allmontary tract . 68:
'55 y : ' '69
: Sedum bpecieo'
:-r". -If. \ 1* ■
Aster'species
Tropaeolura raa.juo
.. n - :■' if '
ii
6
6
7
8
10
■12
12
13
•flUBLF/gg' :
Soas morphological properties of Group A strains.
Dimensions ( yu) Eatlo ~
Strain Length Bicmater ' Lengtb/Sianstes Principal ooll arsanEsneht
Ho.. (moan) (issan)
?6 1.01 0.44 ; . 2.29 ; Singly
80 ■ 0.95 0.46 : 2.06 . "
881 ' ' 0«9S 0.48 ; 2.04' : : ”  ■
86 1.04 0.48 2.16- . ■ ' ■ ’ / ;
93 1.12 0.52 ■ . : : 2.15 : Groups
99 ■ , i a ?  0.55 2.12 ;; xV v -;^singly '
103 I .08 0.48 > V  2. 2 5 ; Oroupo: ' '
110 1.10 0.50 2.20 :
133 0.97 O.54 1.79 Slnrly
138 1.10 O.56 1.96 Groups
140 1.48 0.68 2.17 \ Singly :
148 0.96 0.47 2.04 ' Groups ■ v
154 0.34 0.42 . 2,00 —  Singly . : ;
157 1.05 0.61 1.72 "
165 0.26 0.40 2,40 ' Groups
168 1.02 ’ 0.41; . :  :2*48 ' ■'/:
170 i.24 0.63 - : ;1.S5' ’ ' . Singly- - '
173 0.90 0.43 2.09
177 0.93 0.49 2.00
178 1.04 0.54 1.92 . :
180 0.97 0.40 2.42 Groups
186 1.27 0.56 2.26 -Singly
193 O.98 0.57 1.71 : Pairs
Dimensions ( m ) . Katio ■
Strain
Ho.-
Length
(mean)
Diameter- ■ Longth/S^motor . Principal oolllarrangemcnt
19? 0.90 0*48 - ■ ■' 1*8? Group
200 1*01 0.53 ^ V a^9P/::.;v;. ■ it
201 0*97 .0*45.:., y ’2*15 ‘ 4/4
• 203 ; : 440.84 0*43' V-:-. "; V 1.95 '
204 ' v';;ii02 0.50 ■; 2*04 V-'-- 4: Sin#y
"208 ■ 4x.q2/;’ 0*43 ;^3T;V; it ■
209 1*09 - 0*91 2*1 3 4/;' 1? ■:
2x2 4 1.2? 0*9? 4 2*22 .■ ;4 4 Bingir :
■ ■-1 .25". : 0*49 ,■'42*55: , v Croup . ■
219 0*9? 0*45 ■.« ,
221 O.98 0*92 1.88
222 0*99 0*56 : . 1*76 V : ■;.;:« ■ •;
226 ; ' :4 :,4l.0X;':4 0*55 ■/ '-1.83 /•."'. 4 ,'V « ’ ■
228." ■ \ 0*98 ' 0*5? 1.66 tt; 4  .
:230a • 0*98 , 0*54- : • 1.81 . : ;4 >Singly ;■-.4
230b; v ; 0.9S ■•■0554 ; 1*81 '■
23Xs-:'. ■ 0*94 0*43/: : i - ;: 2.18 \-.' : Group4 - /.
23113 '■ 0.94: 0.41 :2*29:;4 4
v'O.94’'.\ 0*56 1.6? • Singly
23? 0.96 • 0*52 ; .4’1.8444'; ■ Groups■'
.243 1*08 O.5O 4' 2.16 . : 11 v '■
• 247;: 1*19 ' : 0* 54 4 2.20 ; - '."Singly.
248 ;■ l.lo' 0*62 1.77 Groups.
.249 ' 1.18 0*42 2*80 ' ■Singly
NCfC
9381 0*85 0.51 1.68 •it
very siiaxxajt- vu V» 1/ JllVA v «*,- w . — ,_ _ _ _
, in Table 21 was the predominant: om for’' each strain* although in all. strains , 
some cello occurred singly and some in groups^ in the case of a for; strains of 7 
comparatively larger rode' even palisade '.arrangement pas noticed*
Cultural characteristics ;
. On primary isolation all strains of the group formed yollow colonies on 
.’• honey agar* though 11 of ..them were'noa^igmented when euboultured onto nutrient • 
agar* : Under aerobic conditions the remaining 3? strains of the group formed yellow 
, colonies on nutrient .agar? on the ©am© medium* when incubated anaerobically» they 
■ grew very, poorly (and occasionally not; at ..all)' producing no pigmentation# Other 7 
cultural'properties^of Group A are given in Table 23#
On- the.-basis of-growth and pigaentatioa on the'‘solid media .employed* ;lt ;: 
appearod that. th©' 48" strains' of the group might he divided into following 
categories* ■
a). This consisted.of 35 strains which-produced‘yellow imicoid growth on 
honey agar hut yellow non-mucoid growth; on' nutrieat • agar*. Under : • 
anaerobic -conditions these ©trains grew very poorly -"without producing any',
.4 -• - -pigmentation oh 'nutrient agar# 4 4 :
b)*4 This consisted of 11 isolates which produced'yellow* non-mucoid .
•7 ..growth on-honey &0*r*but non-rdigraented* non-mucoid' growth on’'nutrient aga 
-Under anaerobic conditions; these organisms-grew very ’poorly -or not at all. 
v7;.on. nutrient-a^zv
' ©)« This consisted 'of 2 strains only which produced yellow* non-mucoid : 
growth on ;both- honey and ‘-nutrient agar* - When incubated; amorobicai: •
• . . they did not- grow at all on nutrient agar#
A temperature of 2*?°C m s  found to'be optimal for the majority of 
-Group A ©trains*
■ m m M  23 ,
Cultural proporties'of .Oroup. A' strains.
& :g I '
«H.?3 C S /S %O J3 © ■■-■ O  O f i  fit •/ •.© '
«d
'V: f § . p \ . n s i  /£\
13 ■ ,’ v . :v,:^ 5. v.Growth at different temperatures'. .
» V : I I I  ; -.111 I :  | ; S 5 ° e ;  30°c ■; 3?°c
76 4 ' Yellow . ' : 0.05 ■i- - l.o ,.v. y. 0.5
80 0.05 1.0 . 0.3
81 4 ft. ■ 0.05
86 ' ;-0*05:-- 2.0 :]'U&
93 . : * ■ : 1? . ’ 0.05 2.0 . 1 .0
99 *
it. 0.05 ■ :.2#o'v ' 1.5 ''■:- 1.0
103 ■■4 ■ . ■ If 0.05 '■ 2.0 0.6 0.5
no ■. «t 0.05 : 2.0; 1.5 0.5
133 1) 0.05 2.5 ■ 2.0 1.0
138 .■■*. v • :0.05 ■'; v 1*5 . :2.0 ■ / 1.0
140 ' ' ll, .'0.05 ;' .v;;'3eo ;•. 2.0 :' ■ 0.5
140 4 «! : ’ 0*05 ' 1.5 1.5 ■ 0.5
154 ■ -■ :■ Groj 0.00 _ 2.0 ^ v;- 2.5
15? » .. 0.00 0.6 0*6 0.5
165 ~ ; ' , 'Whltish-gseoy 0.00 0.6 -^■■0.5 ; 0.0
168 4 . . Yellow ■: 0.05 ■;:a.o; 0.5 -' - 0©6
170 ■ 4 ' 0.05 2.0 . 2.G" ' 1.5’
173 V : 0rey’\'v 0.00 2.0 1.5 : 2.5
177 4 Yellow , V' 0.03 2.0 ■ 1.5::- : 1.0;
1? 8 '.+ ' ■ ** ■ 0.05 3.0 ' 2.5 1.0
180 - '• .Whitishr-si?oy- 0.30 0.5 0.6 0.0
186 ' ’+ Yellow O«05 1.5 " 1.0 1.0
193 ■+ . I? 0.03 0.6 0*5: 0.2
.«
M
$
8'*PV*.
-7r"~ 1—o
♦*"$ *5-^. o Is o h -O O fi-f!S3 £■» ■ O CD }S ctV« cO
-.. y»-J .■ O <g '
.*** © ■'\J3 0 «H-. ■ - ■O 'C ' Pi S* '
‘ & / o O K (S
o. u &; o o
: | |
Growth at clifferont, tempera
25^0 30°c
tureo^
37°C
19? '«a» Whltieh-grby . 0.00 0 06 ■ ' 0.3 0.0 -
'SOD., ■+ - ' ■ Yellow ■', 10v05 ; 2.5 ■' .2*5 .; v--/: .0.5
201 /«:. 0rey / 0*15 0*3; ' 0.2 0.0
■ 203 - - ■ ■ p.15; ■ o#3 0.2 0.0
: :-204 Yellow 0.05 1*0 0.5 0.5
208 4- . t? ■;p.05:-.; . ; 1.5 " ■ 1.0 1*0
209 * « 0*03 2.0 2*0 0*5
212 tt 0.05 2.0 1*5 ■ ' . 0.5
215 « 0.03 2*5 ■ : 1*5: 0*5 .
219 *. ft / ./ 0*05 - ■: ''1.0 ; - ■ 1*5 0*5
221 4- •ft 0.05 2*0 1*5:/'- :• 1.0 .
222 :- ft 0*00 2*0 V; , 1.0 0*2
226 * tt 0.05 2*5 1*0 0*5
228 + ./ V 0.05 ' 1*0 1.0 0.5
' 230a:. 4* 0.05 1*0 0.5 ■ 0.2.:
230b ' ■I . 0.05 0.5 1.0::
231a CO ' ' ■ Gmy ■ '■ 0.03 0.2 0.3 0.0
231b 0.00 0*3 0.2 0.0
234 *5® ' Yellow .V 0.65;,.’ 1.0 . 1*5 ■ - / '0.5 :'
23? ti 0.65 1.0 0.6 0*3
243 ts 0*00 0.6 ; 0,5 /■■ 0 * 0  =:■
24? ■■«■' : 0.05 2.0 1*5 . 1*0
248 * • IS 0.05 S.O/ ■ 1*5 - ' ■ / 0*5
249 «es» Oroy 0.05 ■'2.5 ■: : ; 2*5 ';■■■■■: ' ' 2*0' ■
ug?c
9381 ■ : + ''Yellow'/: 0.05 lo3 ’ 3. *0 0*5
•mm S 3 (continues)
Hoteet'
•■. (l). « flio aegyee of /-growth, on -nutrient agar -me recorded in'the 
: -range'0 (no growth), to. 1.0 ’:(heavy .’growth)*:'
•'/•• ,(2)-,:«* .C^ aciiy ■attained? •as: measured by. Brown’s tubes $ in peptone
/ ' ;: / water cultures.:■;
Resistance
The results of resistance and viability tests made on Group A strains 
'/are given in Table 24*
Growth in the presence'of'high concentrations of -glucose. All strains9 with the 
; •exception of - strains 154 ahd: 173 *' showed"; growth in/the presence of 6.25 per cent.? 
12.5 per'cent, and .'25-per cent., glucose in peptone .water; and the majority. of//; '
■ them grew equally well at the first two concentrations! •' growth being usually, • 
/.less in -25-; per-cent ./^lucoae. .-:ltis interesting to note ''that the 35 strains
which produced;yellow mucoid growth on honey ©gar? on the .whole showed .far 
better'growth in,the presence of/M^i concentrations of glucose than those , 
producing non-mucoid growth on honey agar. ■
Viability on nutrient agar at 4°G. 72 hour cultures on 5.01012# thick nutrient 
agar plates-.were stored- at 4°C and were tested for a'total of 28. weeks.- The
■ majority .of :-tlie.-35;/afeains? producing yellow' mucoid--.growth on honey -agar,, remained: 
alive for'-23-28- weeks whereac most-of the nori^ueoid''isolates. survived only .
3; weeks.
Growth in KGB broth. Cultures ?/ere examined after 24 hours? 48 hours and 3 days ' 
for growth., •' .All the strains whieA produced yellow raixcoid growth on honey ©gar 
were., positive in this test/after-5 days? with the excoption-of strain-140#
Although none of these 34.- KC8--.positive' strains ©bowed any: growth within -24: hours -' 
and only 16 ■©bowed’/slight' turbidity after. 48 hours,' all the .34.©trains wore" 
fairly definitely positive on 5th day? though the turbidity attained \ms al\mys 
less than that of the positive control strain of Klebsiella aerogones (U.O.'S. 814). 
All the 13 strains which formed non-mucoid growth on honey agar failed to grow 
in KCHf broth.
■ ~ m m  m :
Hooistanco' and viability of Group A Diralnc*
•Stein ... GIucoos tolerance^   ^ Viability^   ^ Growth in Growth on
So. : zfp . '.^ V  . KGB broth , •.I&oGonkey*0
agar ^
76 5*0 5*0 : 2*0 ; • 28 + .* v 0*8
80 . 5*0 5*0 3*0 23 4 4- ■ 1*0
81 5*0 5*0 3*0 / ■: 28 1*0
86 ■ ' 6.0 6*0 >57. •28 . , V +  ■ . ■ 0.9
93; ' ■■■;.-6.0 6.0 " 2.5: 28 ' 4' • 1*0
99 ' v 6*0 .6*0 2.0 28 «£» 1.0
103 6*0 r%&\ ; ' 2.0 ;14 ' >  4 1.0
110 6*0 6.0 2.0 ■ ' 14 4 4 1*0
133 6.0 5*0 2.5 28 1.0
■138 ■ 5*0 5*0 3*8 " 28 '■ : v . ■ -• 0*8
140 ; 3*0 ; 3*5 .- .2 8 ,; ■ « ■ 1.0
148 , ' :- 5*0 2*5 2.0. 28 : ; 0.8
154 ; . 0*5 0.2 0*0 .2 , - 0.8
15? 2.0 ■ ,2.0 •' 1*0
. ‘ 3 ■ ■ 1.0:
165 ■ 5«0 5*0 2 .5 ■ . «, :• 0.8
168.; ' 5*0 5*0 ';>0 ; m 4 4" ;, °*8
170 6.0 6.0 3*5 4 4 0.8
ni. 0*5 0.0 ■ 0*0 • ■ 14 '■ , ' .',0*2
m ; ; 3*5 ' 3*5  ^3*5. ■■' .28 ■; ' 1.0
178 \ 5*0 5*0 ■ 3*0 : 23 • 4. : ° 1.0
180 '■ 6*0 . 6*0 3*5 ■''. - : 3 0*8
186 ' , 5*0 5*0 2*5 • 23 0.8
193 : • :;:5*o ■ 5*0 2*5 . ' 28 ■ ’ 4. ■ 0.8
19? 6.0 6.0 3*5 ' 3 ■ — ; . 0.6
Strain Glucose tolerance Growth in Growth on
Ho* 6 *25/ 12*5^ 2^o-: KCII broth JlaeCcnkey’o
agar (3)
5s
-
0 0 6.0 6*0 3*0 28 ■, <f 4- 0.8-
201 ; 2*5/ -4*o ;, 1.0'v. . . , - i*§ ■’,
■203'-' :.; ’ 1*5'. .'1*5 0*2 V- ■ . . ■ ; 0*8 '
204 ■ 3*0 ■• 5*0 ■; '2*0.-'; ' 28 *?* ' 0*8 .
208 / ■ 6*0 :'. 6*0 .■2*p' - 4144^ . 0.8-;
209:/. ■ . 6*0 . 6*0 2*5 ,/ ; 14. ’ * + ■ 0* 8'
2X2 ■ 6*0 "',;6*0: - , 2.0 '23./ .:/ /^ ; 0*8 ■ .
2X5 6*0 ■ 6*0 ./ ■3*0 ■ 14 ' ■ * . ,Z •’ 0*8
219 : 5*0 5*0 2.5 14 / ' * 0*8
22X 6*0 6*0 2*5 28 . 4. .0*8 -
222 6*0 6*0 2*5 '/ 28 , ■ ~ ' 1*0
226 : 6*0 -': 6*0 3.0 . ;,2$„ . f 4. ; '' 0*8
228 5*0 5*0 '2.5 '-■28 ’ 0*8
230a-. 5*0 5*0 2*5 28 0*8
230b . 5*0 5*0 ■ 2*5 .23# ■'. *J. - 0*8
23Xa ■ ’■ : 3.0 -3.0 2*0 ' 3 ' 0.6
231b ■ 1*0 1*0 0*2 ' 3 ; ;4 0*8
234' 5*0 5*0 2«5 ■ 23*- ■' 4 / l.o;
23? 5*0 5*0 2*5 ■ 23* *?- •5* /■
■243 ' ; 1*0 1.0 0*2 / 28 ■ • tea* 0*0. . . /
247 ; ; 5*0 5*0 1*5 V-' 23* 0*8, '
248. - 6*0 6*0 2*5 >3* . * * ' 0*6
249 6.0 6*0 2.0 28 . .1*0.
imo
938X 5*0 5*0 3o0 28 ' : ■ 4. 4. 1.0
T&blo . 24 oont
llotosg
.■ « cultures were contaminated after 23 weeks survival9 and were.;
■/ .’discarded*.,
* 4-.. « Positive after 48 hours*/
/.:+. » positive after 5 days. .'//";■,,
/ (l)' « opacity, -attained* as moasurod-:‘by/Brown1 s' tubes* in' peptone/water'’ 
\ . containing/stated concentrations of glucose*'
(2) «.weeks of survival:on nutrient.agar at 4°C*
. (3), « the'degree of growth 4ms recorded' in, the range ,0.0 (no growth)
to 1*0 .(heavy .growth)#
'Growth on KacCorikey*s agar* All-steinswith the exception o£-©trains-1?3 and :; ,'. 
243 (both producing non-mucoidi ..growth on honey -agar) ,' grew vmll on-MacOoakey*© : 
agar*
Biochemical clmracterlstics
'Action on -carbohydrate' and related substances*' ■ All • 48 strains produced acid from, 
lucerne but-failed to show any action on dextrinj duicitol^  adonitol^  inoeitol 
and sorbitol*;' Result© obtained with other fermentable - "substances .are given ’in 
Table 2% The'. majority of the 35 strains .producing-mucoid' growthon 'honey agar.. 
gave similar results and likewise most of the 13 non-mucoid isolates behaved 
in the same way '.(see Table 26 for a summary of results) © Rom&te; obtained with ■
. the'two groups will, therefore, bo discussed separately*.'. .
■' i* ' Mucoid, strains* '■• All :35 ©train© showing mucoid growth on honey/agar_ "■/;•■ 
produced acid;from nrabinose, rbamnose, xylose, glucose (in some cases.
; ; trace of gis), maltose,' sucrose'-'(in some•-cases 'trace'of gis),’trej^los©•
.;; and mannitolf 30 of" the® also produced acid from salicin*: Xn addition ; ... 
to dextrin, dulcitol, adoniiol, inositol and. sorbitol (stated above), '"V 
these organisms also failed to produce acld/fma glycerol® Out of 35 
;;•• strains 6 produced ael&:;ifi->G@llbbiGae, 4 in. lactose and only .one..in; 
raffinosei' the' remaining strains - being negativein' these tests* . ; v v
' ii» Bon-mucoid ■ strains* - All 33'; -'strains produced acid from glucose*
Besides dextrin, dulcitol, adonitol, inositol and sorbitol (mentioned above), 
all of them also failed to show any action on collobiose and mhnitol*
A * *• *■*■&#
Action of the 48 otraino. of. C^ oup A on eo,3?boliydrato and related nnbsianeea*
Strain
■.Ko.' - ,
0t:
" S ’ 
- ^
*8
•. :<
0m0
' ' 'I :
©.■ ■ «£,■ 0 .
AS*.■ ><
' © ' ■ <©•■ • tk
0.«g* •' O
;aS;
■013O 40 ■ 
r*3• €5
• ■. © ■ £3 C
•: g
* Q
‘ m-
0
• d'
s
1
©■: ■ £0 • 
O
. *-»" tH©O ■ ■
0• ■& 0
■
.;&■
©
.■S:- 
%  
14 ;
© , ;4»
'B , ^
■c
S-0
t-S ■
#1
w0
1
76 ■;' . A ; A A '•A - A ■ VA." : \;W ■ A :":-■ - A • . P
80 ; ' 4 :.■'■"A ' 'h* -0 . ; A ' «S3» mm . A-' ' A .' P
si A ; .A '. A . KSSW*’*- /A- . ;:A !' :: A- ' - A A P
■ 86 .A ’ . A ■ A ' A;' '■ ■A ' '«* a .:,.:’;'A ■■■.r
93 .: A '.A ’ A / • ,r\ A ■' A A :, ’ 0OL mm •"■■■•A ■; A ■ p'
■ ’99 '■ ' AT:;- : A A. .—  -.-A"-:.. ■.A :, a y. . 'A- a V F
103 A ■; ’ A A A ■ A A ■ A ~ ’ A.' : A :- . F
110 . a " A ■ A .-A :■ A . A «n v-> ■ v  ■ A -. r F"
13.V .A",' A A I* ■;. A' A A : :.y> - ;■ vA , .A .; p;
138 A " A.:'' iV ' A . ’ ■'/A'- ; A - ■ ;> ’ '* "A ■'' A ' ■'■f
140 . A  ; • A. ■ A A !>■ A ...A _ A ' mm ■ ; A ; ■A L p
148:' . A .■ a : .A/ - A A ■A ■ :■ - ■ A " a ; F
154; ■■"•.■ ■■"'■A'. ■:' A ; : A.': » «- ■ ~ i*. HC
197 A “ r a ; h . A.; - . - 1 L
165 v - i.; a ~ « • «©» . h ' P
168 /A k 7, ■ , A'- ' A •A ' ; - A Ait P
175 ■ A A A ■ : . . A A , A',:, ' ■'A :' A \
173 M0» A ; li :;"A - : ; - : . a >' ■ ;.-Xi ■ lie
177 •'.A. A nt\ 'A . ■ A A ' A • ’ a  ; - - A A F
178 A ; A A .A - ; A ■ k ■ A A « . A .. A F.
180 A : ~ A ' - A ; - L F-
IBS 'A ■a : ;A ~ A A A ' - - A A F .
m A ..A/ A a ; A... A « - « . A . A P
1 m . '.A' A — «* .A' ' «ca — : ■- L F
imi? 25 (continues)
strain
Ho* ©to
0a•H
0fj
0
1$rnf
©a©
5>
'■ &© .m0
0 ' ©0«p■ ■
A§
" & ■ © ' c: ■
■. S:.■ 0
- 5 3  ■. .10 ■-
D - £5 © r~J
£ ■ . #*■*©
*4
©©0
.© ■ Or-|r~lO •—O...■
©in
0
£
'$}
,, rf ■
HO
©
R
P
*{~5O.pv*J
«3' c*
©
*3
©*rtH
&
CO©•p
■3;
200 A • A ". A . *# ■ 'A - A .. A ~ A k ,F :
20X . k'y ■ . 4K3 ; .A ■ - 45» 'w -A / ' «a» - «E* : mm •!?. '
■203 - "-. k «S» A ** ' *3» A mm «» .«£» " Si' ; f?.'
204 > / A Ait ; A ' A *4 -v _• ■  ^- ■if .• • A Afi- :'"F ■.
208 A A -' A ms# ■' ^ : - ' ftit- 1 #, '■ A en . A ' A *
209 •A ' '■ k A ; ■ A ■ ■A . - A'': A * A ■ F
212 ■; . . A . A ■ A «*§ . A  : ;.a A r A 4'. F
213 A * A A A A; - ■ A ' F ■
219 k A A M A A A : - . ■ F-,;.
2a k A '' A mm A A a : ~ A h r F
;222 . «*• mi#. = .«im mm r ; mm «e» - . *o» ■ «*a IJ0n
226 . k A A ' A " A : A mm -■A - A: •F ■
228: - k A A mi# ■■"■ A ■A A ' mm •«* A ' A ' ;F:,
230a.. ’ ,;A . 0 ■ * * A A A ' A ■ -  ; > mm A A
230b ..'A' ■ A . A : A ■A ■ rnm ! ** . A ■. A ■. - P
231a a . - A «** ; A .. : A ■ m :A ' mm ■. L : ;F ■
23Xb A - A W » ■ . ■ A «s» m m m m  '' - -I* . F . ■
234- / ■ A ■ A ■ A ■ ■ « , A A A , “ ; : Ai ’ m m' F,
23? ■ A ■A A ~‘., A A A mum *» A.', A ,p
243.; . «n !> L L ~ ~ - L « KC.
247 : A A A ■ ' «M» ' A •' A: A - mm « w A -A F
248 A A A tom • A \k ; A - . A • ■ A F
249 « - ce» - - « ‘»0!*
HCTC
3381. A A . A i“*. ■ A A ■ mm A . A '■ F
Table 23 COHfc**••••«
.Hotes*.
* » Gao production was tested only in the case of glucose and
■" ■' ■ ■v;.' -:' ■■ i
.substrates marked :tkns«:. Masked 'gas production ms never ,
■ recorded but in some eases small bubble; of .,gas appeared ■: 
'after• prolonged' incubation«. particularly, with glucose'and 
' sucrose* ’
■ ' A '.■» acidity.within :48' hours®■
■'Si **'acidity-appearing,.between- 3 and'16-days* ■/■-.
. o no acidity.or gas* .
P » fermentativef..producing acid in both sealed and unsealed tubes* 
n0” c» oxidative ? producing :aoid only in the unsealed; tube | sealed
tube showing'good growth with vory/sligh>'change or no change of 
colour*''
!!C« w. good growth'.but' ho acid-production in -either .sealed or unsealed' 
'-tube* ■
Aoid production by mucoid and non-mucoid Group A strains*
Tost
- Mucoid organisms '. | 
■" '.(35 strains). . Hon-mucoid'; organisms •
known ■ culturGg
';HpT0 :9381 : "■ 
{bkromobacterium
34 isolates ■ 13. isolates; '■
Acid- ■from' arabinose /■:■ ;/ -4-;; 4*. .■ * (9)
■ n :.rhamnosb' : + ■ - (12)
it -. tt 's^ Lose-:'■■ -'.v* ■ : ■ '■ ■*■ + (10)
I! tt ;lactose ' •m ** (30) V " (ll)
IS tt'■■■■maltose';;. ' 4* - (is)
■ tt ft sucrose : 4* . ■ 4- + { n )
tt tt trehalose ' + 4 - (11)
It t cellobiose
' . '■■“
✓—-v
CO
•'w' 
■
i
. ; _
tt ■ft raffinosc V';- ; ■ - (33) - (xs)
tt tt ■^ ycerol,. - (xo)
. ; t?. tt mannitor . , ;■
tt *♦ ealicin . '4 ' . " ‘ . (£9):' ,(10)
0«F test r -'■" F .. p F (0) 14 ® G o (3) “0" (£)
Hotess
' F.« fermentativei producing;acid .in both. sealed;;and:unsealed'' tubes*
tf0« « oxidative». producing acid, only -in' the: unsealed tuber- seiXiid 
■tube showing;.'good;.growth-witli very slight (.change or no change'
'■ of colour®
11*0* ..b vgood growth but no acid 'production- in cither sealed or unsealed . tuba* 
<r or + sign alone in the '3rd and 4th column '* all strains *, in\- that group 
' were negative or positive.
lumbers In brackets indicate the number of strains giving-tho result shown*
■,; All -mucoid and non-mucold strains produced acid’from glucose but’failed 
to show any action on dextrin9 dnXciioX * adonitol9 inositol , and sorbitol*
The majority of the non-mucoid strains gave negative.results in rhamnose5 
lactosemaltose§ trehalose*--raffinose end glycerol whereas© moot of i 
them produced acid In arablnose* xylorse? suorone and salicin*
0ridation4fermestition (0-P I test* -All 35 mucoid strains were fermentative9 
producing acid both aerobically and anaerobically* Unlike mucoid strainsp . 
non-mucoid strains formed a ■ heterogeneous - g r o u p *Out of. .the 13 non-mucoid ' : 
isolates 8 m m  /fermentative like the'mucoid strains 9- 3 showed growth ih.;botb .m*; 
■ sealed and. unsealed tubes' but.failed -‘to produce acid ineithcr, .and' the.- remaining' 
2 m m  oxidative9; producing acid only in;the .uaseaied' tub© though; growing also , 
in sealed-tube* ': -'-'.v-'
Additional ■ biochemical properties* All 48 strains of .Group A were cat&laoo - .• 
positive and were negative" in the following testes- ' -.
Phonylpyruvie acid (PPA) production! lysine and ornithine decarboxylases! 
and indole production*. .
. ' Other biochemical properties ’ of Group A:- strains are detailed in Table 2?* - .
Qelatinaso* This was tested for by Bohn's (1953) gelatin.oharcoal disc method ■ 
using.peptone water* : All. -35 ■ strains' producing:mucoid'growth• oa• honey agar..were- ■ 
positive 'whereas 9 out :of‘13 non««mboi&: strains 'mm negative ;ia this ■ test* ■
Urease* ; All Group A-.strains* with the exception of strains 173 non-mucoid . 
isolate) and 212 (a .mucoid:-Isolate)»' were nogailv© -in this test* .’
Pectinase*'.- All 35 mucoid strains produced g cone of wrinkling on. the surface 
of nutrient agar poctate gal* plates (Sherman* 19#?) - around the growth (see 
Fig* 18)' whereas none of the non-mucoid isolates showed any action on the 
medium* ■ Pectinolysio was not shown by a n y  member of Group A*
' ; • 27 ■ ■
Additional.biochemicalproperties,of Group A strains.
Strain
Ho*'
s
•ri- - ©
4 3 . m
r 4 ■■• ©
S' s
ft
: © ' ■<#>
■ e3 .
a •
. ©  • ypr
ca
:c©•H'■43O«£
■«
&
*o
t
£
*5»'J3Dm
©*c
A©f-J
©
I 
©  '
sr?
*rl*P
<r(a
■§
©„p
:So
.{5
. c
*rS43
'I•H
r*i
4*K©
O
©
ta
.§
ao
43 ■ ©• ■©
PS
m
4*©
©43
A.:
I
©K' fS
&
M
%
g-©*©
©
S
Ti
<
a-©*rt-w
U-C
©43
O
§
g-
13 O
■©a
©14
©4s
g
£
e
5 I43 «Hit ■ is■S3 ■ ©
© .*©' *4 ©■ A- &
tn
I S
76 ' . ■ «M» ■ ;'s ; (2) 4 (1) 4- 4«w» 4 ; «. ms* 4 ■' 4* ■ 4
80 4* s (8) ■ 4- (£) 4 . 4 ■ 4 «■ - •; :■«* 4*/; 4 . 4
81 ■ , 4 - . '■ ' s (2) ' 4 - (1) + 4 - 4 4 4 . 4 A.
86 4- ' S" ■ (2) 4 - (1) 4 4 . 4' 4 > . ■ -, -.4 . 4 4
93 ’t - s. (2) 4 C D 4 + - 4 4 ;■ * . -4 ■ .4 : 4
. ■ 99;'■ 4 - - s. (2) '4.' (1) 4 ; ’4 ■ 4 . 4*» - 4 4- 4 : 4-
103 ■ 4- ; S' (2) 4. . i (2); 4 4 .4 . ■ 4., 4KB . 4 ■ ■ 4 ■ 4
110 4 - • s «* ■:4; (1) 4, . -4. ■4 4..; ««» “ ■ .{- ■ ..4.
113 ; *!• s : (2) (2) ' :+' 4 ; 1-' ■ «*» 4 - -■ 4 4- - 4
- m :"■4 - ' .S' (2) ' 4. , . (1) ■ •'. .4 •r 4 ■ 4«4» '■ ;.4 ■ 4
140 4 s (2) (2) ~ •■ 4 : ~ 4- , ■i'1 - . «. ■:• ■ *}■ ; « +
14$ ; * ■. - s (2) 4 (2) \ *” ■:";■ 4. '■ ***. ; i t - '■ ' ■' :'*K "y. 4.
■154: - ; ■ m  (2): 4 " (1) « ' . - 4 4 ■ , 4 ■ 4--; ■_ « ■' . 4
157 ' r - m (2) - ./> 4' 4 ■ 4 4 : 4 ,■ «>
m :; . . m» m (2) .^ ■'y■..■■Cl) - » 4 . 4 - 4 ❖ . . 'rnm ' —
168 4 - s
(2 )
4- : U ) . 4 ' 4 «. 4 4** ■m :-:v ■ . '4 4 *
170';. ■ 4 . ■ ©» ' 5 (2) ;'+ (2) 4 ■ 4* .. 4 , -f 4 4
173 4 ■.; *»■ m - v  ' (2) ~ 4 4 - - - 4 -
177 ■ 4.'- •» S' (2) 4 (2) 4- ' 4 . 4 .4 « 4 4  ■. 4
178 4'1 » •c* ■. *»,.& (2) 4 (2) ■ ’ •.? . ■ 4 “* 4 »5* : 4-
mBLE 21 (continued)
Stein
Ho*
fH
%
©
o■ ©
C2
■3
t
©
p
.
s
.-. r 4
©  .
a
©  ■■ 0 • O
« S cl t !
p-f © 4 * - ■ ■--©
< §
£
S 3  ■ ©•' ■ <  '
©
« S
*r!
a-;
©ft©
■-C3
'*r*f
"S•H. '43 ■
§«rt
*rl
O,4»
g43
O
0
*irf43
1
tH«rt
£
©'43
.f
r-v*«
4»
© . 43
4*to
0© ■ . © © »p4-3 . © . ©
O *
.43' . - ...PV
Pt -
SO  ;
■■ m  : 8
fS*. ' >
©
I *
■■g'i
8
©KS
© ,■ .*3
■ 3 •
Thu. <
$2o
*P
• S .
I t
. o
.•©43a
ps
Ef
r-?o*rt ■ fS
q  S3 ,.C
S3 . C *rt '*rf■ ■ *H '4 3© 4* ©
8 -SS3 *i3 ■ © ■ 3^ . © :
•P © -$4|8 U pr
£ f“c(5 ro
&  5S w
186;' a- '■ S .' ( 2) + (2 ) ,;-4 ■4- .. 4 ;■0m m, «a •• 4 '' 4 4
1 9 3 ; - 4 - S ( 2) (2 ) 4 *5- ; ... . 4 ■ «  •■■ 4 '' ■ 4
197 ■ ( 2) Ci) ' ■: •'■■■ : '4 ' ' 4 . - ■ 4 ' 4 , ' :-w «
200 + r S . ( 2) +: (2 ) 4 ' • 4 - - ' t :: * • ■V 4'. :4 4.
201 m ( 2) - ( 2) — - 4 4 4 '■4 - - -
203 - :w '. . m (2 ) ~ (2 ) - «. 4 ■' 4 4 4 . « -
204 . 4 - ..s- (2 ) 4 (2 ) 4 . 4. ■ ■ 4 ; : 4  ' 90 9' 4 4.' 4
208 4. ■ s ’■: (2 ) * (2 ) '+. 4. ■ « 4 "+ 4 4 4
209 ' ; ' ■=+■■■' .'■'■■S': “ (2 ) ■■4-- (2 ) ■ 4 . 4 ; ■ t. 4 «g* . 4 :' 4 4
212 . 4 4 v  S - - -4 : (2 ) 4 4 ■ ~  . ■’. -4 ' 't' ■ 4':-: *- *?' 4 ,4
219 4 •'. s + ■ (2 ) - 4 ■ 4 - ■4 , 4 . 4 4< 4
219 ; *5- - s - 4 ' (2 ) 4 ■ 4 , . 4 -  : *** ; .+ .- -  , + 4 •4
221 4 - • . s (2 ) ■ 4 (2). 4 . ■4, «  ■: t, • -4 . , ::■ -  ■. 4 -
222 ; ' 4 - lh\- (2 ) 4. (2 ) « - 4 . ■~ ** - 4 -
226 ■ 4 ' ■s (2 ) 4 (2 ) 4 . ,4 , -  - 4 ' t* ■■ «* **' 4 4
228 ; , 4 S •; (2 ) / 4- (2 ) ■ 4 4. «* 4 4 . . 4 4 ' /4 ■
230a . .4 '' e»•O- (2 ) ' 4' (2 ) .4 " 4 - 4 4 '- 4 4
230B 4* ■ 4M» 5 (2 ) 4 (2 ) 4 4 - 1 4 - 4 4 '- 4
231a - HA- (1 ) * 4 4 - 4 4 - -
231B HA (2 ) - - - 4 4. - 4 4 -
234 ■ 4 ■' S . 4 (S) 4 4 - 4 t- « ' — .4 4
gAHtiB E7 (continued)
'■.. . •••— -----: T j : o '
Strain . S c  C t “ •"¥ §", e
Ho* f gl cl sa 1 *■$ “ I gf o! ! v JrI s s l f . p * f i  i i °  | | : || I I I  i I
<3 <Hc5 ,23 ^■•■2 ^ 8 ^>3 §S.iSS «t •
2 retl a H  ii R (S3 'f« ©■ r» W *rt ■© fijO ,.S < ©■ ifi J?" S . :S;0. *si S3 O 7 O.. S *> <3*53 S O ■ 85 N tt g
2$! : ■4 - ;■. s (2) 4 (2) 4 4 oiS* *1* -4* : ;:4 ;- 4
243 ;':. 4;: . . .4. - ;HJl (2) 4* ■ . - ; > ••— . - - —
247; ; ; 4 . ' - ; '■ S'".' (2) 4 (2) 4* . ~ 4 4
24S ❖ f» V- S (2) 4  • (2) 4 ■ .4“ -  ■ *. ■. v ■ «  . 4  ::4-v '• 4
-249 V . ■■4 ' ■ • W - m — ■ * (2) > 4  - : t v. ■.4  ; — . ■ ~ 4
imB
m i 4 — ;--s (2) *“ ■ (1) : 4 . 4' — 4 4 ; OS* - •' 4 ;, > 4
Ilotost
S eTS^aeresis* the . presence .of ;a. sone of writikling on the-surface of the 
■ medium aitourid. the growth* V
Ilk C3 lo action* '
(i) « positive'between'48 hours and 8. days*
(2) « positive.within 4B hours*- 
* a equivocal: result* .
Siimary of additional biochemical properties of mucoid and non-mucoid Group A
strains. ■
• Mucoid. organisms 
■ ■; (33 strains)
t
Ifon-mueoid • 
organisms -
Toot iSciS culture, ■ 
HCfC 9381 .
(1 Chromobaoterium
. .
■ 34 isolates 13 isolates
Galaiinaso production ■ ■ 4- - 4 ’;. ■ - W
Breaee production ■ V-ir- *“ (33) - (IS)
Action pm. pcciate -gel*': b ■■;' ' ;..V S :
Aesoulin hydrolysis ■' 4 (29) 4 (11)
MicroaerophiXisrn 4 *(7)
Citrate utilisation 4 •: ' 4' + (9)
i'alonat© utilisation , , . 4 ; •*(33) -
O K P G test ' 4* ■ - (11)
Gsidas® activity . V -turn- mm ' + (12)
,4* ■ + (2) + (9) 
..+ (1)
- (3)
15*. E#'-test ' j
■y,hi)
v. - P test | ' 4 + (30) 
- ( 4 )
A rginlme' .decarboxylase -  (33) + (10)
Gluconate 'oxidation. / >~ V '  V ■' -  (33) >  (10)
Hitrate'reduction 4.' ■ \ 4 ' -  (11)
1123 production \ 4 ' + (33)
M3  production 4 ' v , 4 ' '■
1
■niiw■ 1 ... *
-(H)
Table 28 cont
Botess
- or 4 si^ i alone in the'3rd and 4th column *»'all strains within'that 
. group were 'negative' or -positive* '
' B tt oyneresie,' 'i* e. presence of 'a .none of wrinkling on • the - surface of tho. 
medium around the gtrowth* ■
■:¥ik;& m  aotion*
£ « equivocal'result® .
• lumbers: in' brackets indicate the -number of strains giving'the - result:. • 
shown*
/•” All mucoid and non-mucoid strains wore- catalas© positive-and were 
negative.in the following teats*-..
: PheiiyXpyruvic acid (ITA) production? lysine and ornithine 
decarboxylases? .and indole production*'
on the surface of nutrient
Xv.
Action of' strain 208 (a mucoid strain of Group A) on nutrient agar pectate 
gel, .inilar action was s..own by all 35 mucoid strains of Group A (inclu­
ding 103, the type strain of dendrogram defined group 11 isolated in the 
General ourveyj a*i& strain 101 (the type strain of dendrogram defined 
group /I isolated in the General Survey).
.hectinolysis (small
indentation in the 
nutrient agar ;ectute 
eel. i. to which tne 
colony sinks;
ddge of the colors
showing pectinolysis.
.. — —  - — . ,------>urf>oS of nutrient
agar pectate gel.
strain Hi (a non-jnucoid strain of roup A) showing no action 
on nutrient agar e^ctate gel. None of the 13 noa-aaicoid strains 
of Group A showed any acti.n on this mediuna.
Aesculin hydrolysis. Viith- the exception of 5 mucoid and 2 non-mucoid, 
.isolates, all members of '.Group A were, positive in this test. Save for,, 
a non-mucoid strain 231a, all positive strains hydrolysed aesculin within 
48 hours.
Hicroaerophilism. As: previously; stated,; a heavy -growth confined to a zone of 
■&'Sew mllimetres'belafl’ the surface of the \medium -in .unsealed tubes of-' the 
, 0-P test, was taken to indicate iuicrcaeropliilism. All Group -A strains/ 
with the exception of 6 non-mucoid isolates, were mcroaerophilic.
Citrate utilisation. With the■ exception of 4 non-mucoid strains, all : 
■members of Group A utilised citrate usually within 48 hours,
Malonate utilisation. All mucoid strains, with the exception of strain I4C, 
were positive whereas all non-mucoid isolates were negative in this test.
Beta-; -alactosidase (ONPG) • test. • All mucoid strains were positive whereas ; 
11 cut of 13 nonrtuucoid strains, were negative in this test.
Oxidase activity. All mucoid - strains were' 'oxidase-negative but 12 of the 
13 non-mucoid isolates were oxidase-positive.
Methyl red (MR) and Veges-Broskauer (¥~r) tests. ’ MR VP medium was used for 
both tests* V-P test being carried out according to 0*^arafs (1931) method. 
Initially both MH and - V-P tests were perfanned using 5 day cultures grown 
at -25°c and the results obtained were as follows:
All Group A strains, with the exception of non-mucoid isolates 1739 
231a and 231b, were MR - .negative and the majority of strains of the group 
gave equivocal results (indicated by & light to deep orange hrcn/n colour) 
in the V-P test.
' The above results were not in agreement with CraiclceUank (1935) who 
recorded' °Chr« typhlflaviea* as'being MR - positive and' V-P — ■ negative 9 and 
- therefore both teste were repeated using.3' day'cultures • grown at 37°C*. These' , 
results are..included'.in Table-27 and they nr© eumsarieed' below*
(a) U R -test* Of the .05 'mucoid strainsonly 2' (strains 237'and. 24?) were,
■ 'MR. positive and the remaining 33 gave equivocal result shown by an..orange
colour after the addition of methyl reel solution® Result© ..obtained-with ■ 
13 non-cmcoid'-isolates:were? $ strains'+5 - 3 strains «f -• and'.1, stein - 
4 (equivocal)*
(b) V-P''test* Four of the mucoid ©train© (©trains 80,991237 and 247) 
wore V-P negvfciv© and ’'the remaining 31 give .equivocal result© ■ indicated 
by a light to deep orange brown colour after the addition of reagents*
All 13 non-mucoid isolates'wore negative .in'this test*
Arginine' decarboxylase* All'mucoid strains9 with the. exception, of ©train 212s 
failed to decarboxylate arginine viheroa© 10 of the 13 noh-mucoid isolates wore 
. positive'in' this test*’.'
Gluconate oxidation* With the exception of strain 99* ell mucoid ©trains were 
negative in this test® 10 out of the 13 non-mucoid isolates 9 as-in the .’arginine 
• decarboxylase test*? were positive in this 'test.; ' the same three strains 173$222 ■ 
. and 243* which were' negative'-in the arginine decarboxylase .test$ being negative 
in this test too* : .
IJitrate reduction® -All 39 mucoid strains'reduced nitrate to nitrite whereas 11 
of, the 13 non-mucoid isolates failed to do so.
B2S production., All mucoid strains* with'the' exception of strain 14O9 produced, 
hydrogen sulphide whereas non-mucoid isolates showed a negative reaction .to'-this 
test*'
11113' production* All peptone water cultures of mucoid strains* after the addition 
of .Kessler*s reagent* showed :© - light.-.to deep orange 'colour and were' recorded . 
positive* HonHnucoid isolates *' with the exception of strains 154 and.249* gave ’ 
‘ • ol'oar-negative- result' indicated by ©.' faint ov distinct -yellow' eolour' which;. :. 
■'.developed'.'after adding the-reagent*
"■Serology1 ■'
Slide agglutination test* To detect agglutination * the antiserua against 
♦Chromohacterium typhiflavumt (the type strain 103 of computer defined Group XX
■ obtained during the' General Survey) was used; against saline suspensions of all •;
; Group A strains (see/Table 29) 'and -also.' against.' suspensions of Aolnotobaotog' ,'
Iwofffi (HCTC 5S67) 9 Achromobaoter parvulus (UGXB* 9407)* Achr* viscosum v:
(ifCIB 9408) g Achr* faecalls (presumably Alcaligenes faecalis* BOXB 9307)* ' 
Klobcdella aerogones (tf.O.S* ■ 814)9 Erwlhia atroseptica (U.0*S. 126? and 1379)' 
and Salmonella typhlmurium (U»Q«S» 3Q5)» 8 mucoid strains (excluding the
homolo’gpus strain 103) of Group A were the only organisms.which reacted -in a ■ 
positlv© manner# .
■ Qualitative precipitin test (foaehierlony gel-diffusion technique) • . ,-Tbe ■ ahtieerum . 
prepared against .strain :lG3-(Ghr* typhiflavumS) was also tooted against ulirasoni-* 
cally disintegrated saline suspensions of Group A strains ( g o o  Tabic 29) as well 
as strains belonging - to other genera (sec Table 30) .by .Ouchterlony gol-diffticion 
technique. \
* Hational Collection of Industrial BacteMa
TABLB 29 ,
Slide agglutination and gel-dtffusion react lone by ncmberc of Group A v/hori 
tested against *0hr» typhiflavun* (strain 103) antiecrurn. ■
Strain'; 
Bo« .
. ■; A . . ; : •. f
Slid©' agglutination' Ouchterlony ! 
; test ; gel«4iffusion 
, test (l©» of;,' 
linos of pro-.
. cipitation)
Strain
lie.
Slide agglu­
tination test
Ouchterlony 
gel-rlif fusion 
test (Ho# of 
lines of pre- 
cipitation)
76 ■ — '■■.-.• t. ■ 193 ; . ■ - 7' . 2
80 -197 ; 4M» • .
78i\ ; ■ ':+:" ;2 200 - . ?'■■■■>
86 ■ + 2 201 ; ■' ■. ■ 1
93 ■ 2 ■ '203 ■■■ : 1 ;•
' 99 2 204 1 ;
103 7;. 3
208 1 ■•■■■.: 2 I'.
110 .. «*.: -' ; : 2 ; - 209 ’, - - 2 7-. ;. :7::;
133.,;.:: ■:':.7 - ;2 . .f ' 212 3 ;
138; + 2 215
■" ■7. ; 3 7.;.7.;.
140 2 ' - 219 * . ;; 3
148 , 2 . 7'',7 221" ' ,'-7T 3 '
1 5 4 a ; 2 222 ; 7.« •' , . 1 7
157 1 ,
226 77//;
165 '. 7 2 ;:228;:; ■■
168 ■ -:2 ; ■;230a;;
mm
'.. 3
170 A/- A: 2 : 230b • mm 3;
173 2
231a ; '-7
177 1 ■
231b ~ 1
178 7“ ■ 1 234 - 2 ■■
180 — ■ 2 237 : - ■■■1
186 - . 2 :
243 ; — 0
**• .
TABLE 29 (continued).
S tra in  Ho*. S lide ' agglutination, .test j  ■ Ouchterlony ge l~ d iffuo io ii 
'A te s t (Ho* o f lin e s  o f
p re c ip ita tio n )
m
■ 24a." a;;,:-
249 * .**» : “■x-:.;'■'■i’v'-‘'M ■
HC?0;938I - 1 .
Oel-dtffusion reactions By some, members of Achromoba ctegaceao« Suterobactegiaceao 
and Bruoellaoeae when tested against *.Chr* typhiflavam1 (strain 103) antiserum*
7 Species' .(strain;!?©*) . - Ho* of lines of 
precipitation
Acineiobacter ,lwoff 1 (!?«C>T*0« 536?) ' 1
Aein* anitratue (E*0*S* 1456) 1
Aehromobacier parvulus (l*C*X«B*'940?) • 0
AXeaXtgc-nes faeeaXis‘(H»C«I*B* .930?) ■ ■ 0
.Escherichia coli (B.O.S. 1369) '" v 7' - ■; 1
Eminia atroseptiea (U*0*S* 126?)
Fr. atrosQptica (UeO.S* 13?9)
Salmonella typhimurium (U*0*8« 305)
Sal* dublln (U*0*S* 99) AV" 3
Pasteurella multbcida (U.0*S* 823) x .'
Past* muliocida(U*0*S* 925) - 7 ■ vK'Vi':■ 7^ /7- -'"v
Fast*' haemolytica (U«Q*S* 800) V ■ ■17. '
Past.' haemolytica var.ttreae {H*0»TS# 10219) - . -.';a a  "'Va x /A.',': o7-r. rv';.A ..\^
Past* pneumotropica (U*Q*S* 1046) .7 -V-V .■1 a ;a'-aa  ^
Actihobacillus ligaicresii (U0Q*S* 112?) '.’A V .
Aotin* 1i^ iieresil (U.O.S* 1314) :'A:; 1
Actin. eomali (HeO.T.C* 8529)
The table doss not detail; iclide agglutination results since the organisms
tested v;ere all" negative*
The results of this proce&utro showed that the strain 103 antiserum contained 
antibodies against all Group A strains - except strain 243® producing usually 2
precipitation lines in .the.- case of mucoid steins and' usually, one' in the case • 
of non-mucoid strains® The strain 103 anti ear urn also produced at least one . 
precipitation line with,all.the antigenic, preparations of the organisms belonging 
to families' Aetemobaoteraeea.es Ifotoroha ct eriacese and- Braoollaoeae 9 save for •.
■ Acfaromobaoter strains and one Fasteurella strain® ifenc© the precipitin test 
,was of little use in placing *Chr« typhiflaviim* in any of the groups tested* /
Pathogenicity
■ 24 hour .peptone water cultures of 30 Group A strains '.(27 mucoid and 3  
non-mucoid isolates) were injected intraporitoneally.- into mice in doses of 
0.05 ml* and 0*5 rel*» (2 mice, being used for each dose) and the animal s. were 
examined dally (except Sundays)'.for. .14. days* . Bernal te of this test, are • given in • 
Table 31.
Out of 2-7 muooldisolates.,8 killed one . of the two mice 'injected with 
' 045’Jsd# of the inoculum'and only on© killed both the mice, receiving that dose*
All positive strains® with the exception of strain 133 (which killed the animal 
on 6th day)'*' caused'death .of -the.mice after, 2 days of the 'injection* Mice 
injected with the remaining 18 mucoid and 3 non-mucoid isolates did not. die ' 
-'.within.the period-of observation*
Bosults of the patko^nicity test indicate that only a small proportion 
' of' fChr* iyphiflavnsa A. 1 Iko organisms are pathogenic to mice and that an enormous 
dose of the pathogenic. strain io required to kill that animal® nevertheless"., 
heart blood of all dead mice yielded in each case a large number of micro- 
organisms '-in; pur© culture indicating that the doafch was due probably to -/ 
septicaemia rather than toxic effect of the organism®
House pathogenicity of 30 Group A is trains
Strain Ho* Bouse pathogenicity Strain !?o« House pathogenicity.
103 2 0 9 - yy (
133 ' 4 . ” nt-  - ; 4
138 ■■ ■*" '
140 . : 219 ■ ■ ’ 4 ' ■’ \
148 '■ : 2a / . ~ -y
166 ' ‘ / ' tv ' ' 1 ■ 222 . ■■ V - V  ‘ ■
170 «tfr 226 / -
177 4  , v  . . :.y..\ \ 228 ; y
173 4 230a’
180 230h
18S ■'- m
193 ; . ~ 23?
S O O ■■■' ■ - M l  ' ; • ■y -'■■■
204 . , . 248
208 . 249 /  : ' ■ ; y **
Hotees ' ■ \ .
. » o no death’
■ 4.» one of the two'mice receiving 0*5 aft* ©f the inoculum died* hut 
those receiving 0*05 ml* survived*
■ + (2)'» both.aloe receiving 0*5 ml* of the inpoulun.died$ hut those ■
. receiving 0*05 ml* curvived*
Computer analysis off strains resembling ./■.
* Chromobaoterlum typhiflavum* (Group A)
The computed ■•S* values ranged from 39*5 per cent* to 98.9 por cent.
Xluster ■grouping ■. ■:
a* Single'L'ink Grouping (S.L.C.). The computer was programmed to scan. the :
similarity mirix at falling levels of 2 per cent* similarity®
•■ :i?ondroggam*"’'.Fig»-gl> a dendrogram* is a diagrammatic .representation of 
■. ;ttei,groupingsyohtained' b y method. The ntrairt-numbore 230a to 
243 p at the bottom of the dendrogram are in the rearranged order in which 
they were printed out from the computer at the final level of 60 per cent• 
similarity* 'at -which all:strains'.' coalesced- into a .single 'group', and. sorting 
’■ terminated. *3* values are indicated in the "dendrogram as'-horisontal.' /•* 
y v;vy f lines, atythe :appropriat©.' value* ■ Unitingthe, strain or .group stems* •
It will be noted from the dendrogram (Fig. 21) that at 98 per cent, 
similarity 41 ©f the 48 strains formed''two groups*" .;0n©' large vgroup ';... 
contained 34 strains: (numbcro 230?,tolG3)<» These' were all strains-which - 
formed mucoid growth.on honey agar, and-only 'one;sueh-\strainy(no*\140) ;.
! did not'fall,-into this group. - ;Tho other* smaller :^oup comprised ,T ©f' 
the 13 non-mucoid isolates. The remaining mucoid strain 140 joined the 
, larp?. group at'84-peryeent. similarity level*, indicating tint although' 
the strain was' an -. atypical ^member ;'of, the - muoold group it was closely. .
. .related'to; all'the-mesbers of the, group. ■ At'8S'-per'cent*-'similarity.
mother two non-mucoid isolates (strains 154 and 15?) joined the already 
. formed small group of non-mucoid , 6r^ thi(sds*a:>.The • remaining 4 non-mucoid ' 
isolates joined the non-mucoid group at ?0 per cent, to ?8 per cent.
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. Fig* 21
Results of computer .sorting, using Siple Link Grouping,. of the ..48 Group A 
strains, - expressed in the form of a dendrogram. -vy
1 VS*, values. - The whole' group of.' non-mucoid organisms (strains 201 to 
-••/. " . '243) listed with the large group:of muGoid strains (numbers '230a to
. I40) at the level of 60 pex’ :oent*g sug^ stlng,'only a .distant relationship':;;
V between, the-two groups# ' 'On- the whole• the’ mtipoid-.ormhlsms appealed to. '■•. ■ 
form a more homogeneous -group than the non-raueoid ones*-;'
b* -.--Single link Listing (S*L*L»)*!\FThe computer was programmed to scan the , 
similarity matrix in descending stppo of 0*1 per bent* similarity*
Dendrogram* Fig* 22 is a dendrogram which'was constructed on the basic 
.of data■ obtained by. S#ii#Xi* method* •'For the sake of simplicity*/ the ; 
/•-'••'''''^dendrpgmm ha_ .been drawn to show;- 2- per. cent* steps in similarity, rather 
■ :• than -'the 0*1 -.per "bent*' -'steps at'which. the computer-print-out 'was' -V 
produced*- - -The strain numbers, 173 to 140, at: the; bottom ..'.of-.the dendrogram-
£ J iU i. J#O _A«~, £ - , * *  4-Ue-,j . u  » u «  v « u w  Ass « * i i V 4 i  v u u  o u i a i U Q  w w o  | i& 'U lv 6 U  O i l  b G O  bfjl?
final /sorting level of 59*2;per -cent* similarity•'.- /V
•' - Fig* - 22 - shows - points of interest ■ similarto , those'. provided by Fig* 21 < 
' In .ibo/S*L*t*method '34 of «,bo 35 mucoid -strains (nwaber© 99 t° 215) . 
fell into one group at 87*6 per cent* similarity and 7 of the 13 noh- 
-mucoid.' isolates (strains 180 to 231a)./fell -'into"another. group at 90*4 
;..' per -,eent * similarity* The remaining mucoid strain, 140 joined the large '
-■'; group of'mucoid, strains at 8l*6 per -cent*, /Similarity* : Between *8* ;
,-■- ':-■ levels ’.of .:'8X*-2:'per.\c0nt#,: to' 82*5'per cent®' another 2 non**©ucoid-isolates. 
■/ ;'( strains 154 a^d: 157) joined the already formed small group of non-mucoid',. 
- • organisms•'■: The-remaining 4 /non-mooid iGClates-lirifced-with; the. non-" 
mucoid group at 64*3 por cent, to 78*6 per osnt* fSf values# At 59*2 
per cent* *S* level both mucoid and non-r^ .oolu groups joined together 
to '.form'.'a einrlo group* Bike .Fig*. 21, Fig.* 22 also-Indicates tint the 
mucoid strains: form a more .homogeneous group than the, 'non-mucoid ones#
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Results o'f computer sorting, using Single Link Listing, of the 48 Group A 
strains, 'expressed in the f o m  of a dendrogram; . -The 2 main groups at 
value 81*2 per ’cent.' are indicated beneath the strain numbers.
tarity matrix* ' Inorder to chow affinities ■ of strains and' 
clusters of strains in a el ightly. different fashion a ©haded similarity' 
matrix (Fig* 23) ms prepared from the results of the S«X»*L* grouping*
It ms not' thought worthwhile to. prepare a shaded matrix illustrating the
■ results of both'cluster methods-sine© the dendrograms have 'been so similar * 
-.lit fact? the'shaded.matrix revealed no mom than the -dendrogram* .In-th©
. m me m y  as groups wore formed at 84. p ®  cent* 8 S’- level -.in th© cae© of •
.' S*h'*$*• method and 81*2 per cent* fSf level in the case, of f*l&V-method
.' the'shaded similarity matrix' (S*L*b*) clearly shows two maim .groups-.at..
80 per cent*.similarity? group 1 consisting of 9 - out of the 13 non-mucoid 
"".'•'isolates? and group II contaitdng all- the 35 mucoid isolates* It is. obvious 
from the matrix that the remaining 4 non-^uooid isolates (strains 173? 243? 
222 and 249) wore neither very similar to each other nor to the members of 
group I or group XX? and were thus ungreupsd &t-80'per cent* 3 S’ lovol*
' Both group I and group; XX appear' to-he reasonably homogeneous? as. shown
■ by' the denser' shading (indicating 90*100 per cent* similarity) and - the 
crocs sign (indicating 80-89*9 per cent* similarity) of the triangular 
areas* With the .exception of-the atypical strain 140s th© large triangular 
area representing the group XI contains only 3. entries indicating
. similarities below 80 per cent* (10-79*9 P©£ cant*)* Similarly the smaller 
triangular ar@a representing' the group ..X contains only. 2 such entries* :
Selection of 8 S’ values for defining groups
..At 84 per-cent* *S* value (S«L*G*) or 81*2 per cent* 9S’ value' (S*Xi*L*)?
44 of the 48 strains of Group.A fell into two well defined groups? one. consisting 
of all the 35 mucoid ©trains and another containing 9 of the 13 non-mucoid 
isolates (the same 4 strains remaining ungpoup&d in both cases)* It would thus 
seem that those 9 S’ values should b© celocted for defining groups* Tho round 
figure of 80 per cant, vns chosen for the defining of groups? in which case 
the groupings yielded by S*L*G* and S*I»*L« methods wore the same*
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Shaded similarity mtri* of the 46 Group A strains arranged by- Single Link 
listing method.
Dandropffan defined groups . . . -unninMiM 1 r 1— rVji«n#Trn— n iv -r*ri m inn Mmtipm^-t-THiMrirfi'irf n#
The ;‘constituent strains ;of 'the tm dendrogram defined groups at; 80 por ■ - 
oant« IS® level"are' as follower
Group ,X®:; , ;9 non-fliucoid isolates (see the strain numbers, - .
the bottom of Fig## 22 and. 23)® - .
. v^.;,Group:-.II#' '.',-Allv;tfe:35 mucoid Isolates'(see the etraih:
■ ;numbers? 99 to 140*•at the bottom of Bigs#- •;
'S2 ahd,,t3)«
Strains:m^oup©'a;at this levels lt3:§^ 229243':hnd 249*-
Source details of dendrogram defined groups
Group 1. (non-tnuooid .organisms) consisted, of 8 isolates from bubble "bees 
(6 from alimentary tracts ■ and 2. from head tissues) and 1 from a flower of Veronica 
species. Group II (mucoid organisms) comprised 34 isolates toother with the 
ioriownculture (KCTG 9381) of * Cfaromobactorlum iyphiflGvna1 § . 25 of the 34 group 
ii;strains were isolated- from' bumble bees (16 from alimentary tracts9 5 from 
head tissues and 4 from head surfaces)- and the remaining- $ ■ were, obtained from \ 
different flowers (Dahlia cuXtivaro§ Aster spocioss Tropaeolum majuss Bedum 
epesiqb and Veronica species) ?/hicb -wore being visited by bees at: the time /of 
collection®.
Description and • systematic position of dendrogram - defined groups "
Full details of the results obtained with the individual strains have been 
shown- In Tab!os 22-25g2? 9 29 >31 and the summary of results on biochemical tests 
obtained with mucoid and non-mucoid organisms have been detailed in Tables 26 
and 28® Table 32. summarises those properties in which dendrogram defined 
groups I and II were found to diffex’.
: ; B S S J S  ■ •:
' :SybfcBtyJ6f-:> major.• differences between dendrogram defined 'groups I and XX.
.: Group •
Test.,: I-
.non-fmicoid. isolates|'i.':j
. II-
(35 mucoid strains)
34 isol&tes known culture 9 
:MQT0 9381 - 
■'- (•Ghromor ■
bacterium
. Cultural ■ characters?..;. ■':;'v . ■ ■
,r ■ ■*." ■' V :
' Mucoid ■ growth on. honey, agar: ■- ' ' . ' . *?* : 4
Colony colour on nutrient
•:V;agir..i Grey or whitish-grey Yellow ' Yellow
Resistance and viabilitys 
Growth 1A IOT broth ' <• (33)1 :. ': A
Survival at 4°C ) 2 weeks (l)
3 " (0)
' 14 weeks (6) 
23-23;'” (28)
v.-''- 28 weeks; '■
Biochemical characters*
Acid, from rbamnos© ■. ■■4 .4
;:.11. ,} . .maltose;' 4
u ' :-,15 / : trehalose ~ (7) 'vVV- ■ ■ 4: ■
” ;. *V ; maimitol
Gelatinase production v/;~> : 4'' -
Action on--pcctate.gel* •:' ■ S : s
Malonate utilisation + (33) '
G'fl + ' ; ■' .
'Oridace activity " + - ■■ '; . - ;. '
Arinin© decarboaylae© ■ - (33) - :
Gluconate oxidation ' - . - (33) '• '
Hitrate reduction •. 4 *
H2S production  ^(33) 4 .
ITII3 . . ■ •» "(8) ■ • +' ' 4
Table 32.eont.«* *
Hotess
'I- or '4 sign alone -in-,ih©'2nd- and 3rd- column - all strains within , that 
group .were negative'©* positive#
. Huabers. in brackets the number .of-.strains giving the: result shown*
. S e -synoreslsy .!*©• preesaoa*. of-a.sons of. wrinkling on -the 'surfecu of 
/' the-.medium around the:growth*
; 1 m no sign of. growth within 24 hours but'’ fairly definitely positive 
. ;5ih;-day*
Group I (9 non-mucoid strains)* . This group consisted of motile* non-sportng**
. tk?am-negatiye, straight* short to 'coceobacillary rods usually occurring.' ein#y • 
or in groups’^(Fig.24)« - They formed grey or whitish-grey colonies on nutrient 1 
amr. and yellow non-mucoid growth ..(on primary .isolation), on: honey’agar® On 
'5*0 tem® .’•thick' nutrient.-agar; plates at 4°C they usually survived : 3 weeks *
:■ All the 9 isolates ofthe group were' positive , in the '..following'tests* ., growth 
on i '’cCtMkoy’s a'gar§ .. growth ;in’; the presence .of 6® 25 per ©©at.*-12.5.; per cent • * 
and 25 pbr cent® glucose (with the exception.of;strain 154•••which grew only?atp . 
the'first two concentrations)! •' 'acid from arabinos©*; xylose,f$.ueos©,. sucrose-,'
, and saliein? ' aesculin hydrolysis?' eaialase? • oxidase? arginine decarboxylase!
;!£ R tost,(with-the exception of strain •;!57. which gave'-equivocal result)! 
gluconate oxidation? and. Ouohterlony gol-dif fusion reaction when ultrasonically 
disintegrated saline suspensions of cultures tested against *0hff* typhlflavum* ■
. (strain 103) antiserum* '. 6 out of the 9. strains utilised citrate# - All strains 
' .w©ro . fermentative, producing acid both aerobically-and anaerobically*" with' the ■ 
exception of strain 154 which grew.,.under"both.conditions:but’ failed to produce 
sold in either* :
• All group I strains were'ne#itiv©.In'the following’ testss.' gas from glucose*- 
lactose* maltose* sucrose* mnnitol and .salioin? acid from rhamtios©, lactose'- ’ 
.'"(wlth: the exception of one strain) f. 'maltoso^ trehalose (with the exception -of two -: 
strains)* eelftobiose, raffia©©© (with the exception of one. strain)*'.dextrin* 
..duloitolf ;-.^lyc.6rol (with the, exception of 'one '©train)'* adonitol* inositol* 
mnhiiol and sorbitol? gelatinase?, urease? action on;pectatb':..g©l«?' malonate” : ;
.utilisation? .PPA production? OI'PO test (with the exception of-one’.strain)? /.
V-P tent? lysino and ornithine decarboxylases? nitrate reduction? indole 
production! B2S production? 1IH3 production (with the exception of one strain)? 
and growth in ICOlr broth® ■
Gram -stained c e lls  of s tra in  201, the type s tra in  o f the dendrogram 
defined group I  o f Group A, grown on nutrient agar, a h  hours a t 25°C 
(X1600).
A ©cording to the description -of Sergey1 s Manual' (1957) and in, the ahseno© 
of plant pathogenicity tost, ..-'group -. I'. strains' -seem to be related to Brwinia ' 
tracheiphila which neither reduces nitrates nor liquefies gelatin* .hut unlike 
membersof. the family - Ehtorobaoterlaoaae' (including the genus Erwinia) these -. 
organisms were'oxidase-;positive®' However Graham and Hodgfriss (1987) have 
shown.that some strains of Erwlntn spp»' give a delayed positive reaction in- 
;the oxidase-'test®
Group II (35 mucoid strains) * Bike group, 1 ©trains," the organisms, of-this group ;■ 
were also; motile*"hon-sporing, (Jram-negative,. straight* --short. to'.©occobacill&ry 
.rods..(Figs# 25 • and'-26). hut -• they ..formed ':yellow .colonies; bn nutrient agar and' ; 
yellow mucoid o^wtir-'ori:;honey agar* .The ma jority of- the 35 • strains- remained 
alive for 23-28 weeks at 4°G on 5#0 mm# "thicknutrient .agar plcites avhen the 
’plates were.tested for a total,period.of 28 weeks®- Group II' strains* on•the , 
--whole, showed far better - growth in.-. the.' presence' of 8# 25 per. cent®*' 12® 5 :P©r;..
' cent® and"25 /oent* glucose* than group I strains#
;. All or at least "the -.majority:' of the 35 mucoid1'strains, in all the cultural* 
resistance and biochemical, tests -.behaved \X.n the same way as tho standard culture ' 
of *Chr« typhiflavum8 * IICTC .938l>.( see-Tables 2d,28'and 32) Results" of'-those 
-' tests,' in ‘which 'group XX. strains reacted differently* are summarised -in'Table 33*
. -.All -' group. II organisms were identified as strains of C^hr# typhlflavumS It 
may; be. recalled ■ that ’ these organisms al so .include: ‘the' 8 ■General Survey - strains :
- of .dendrogram;defined .-group-IK. (whose' |rype .strain': 103 .^/as identified, as . :- 
C^hr® typhiflavua1)« It was considered unnecessary to describe the general ;. 
properties of group II strains since those -properties aro. largely represented-'..' 
•by.the characters of the type strain. 103 ’(see page 178® In the discussion of 
this thesis an argument for the Inclusion of 8Chr® lyphlflavnn* in the genus 
Erwinlag an Br®.typhiflavura* will be-.-.'given*.
Gram-stained cells of strain 186, the type strain of lie dendrogram defined 
group 11 of Group A, grown on nutrient agar, i4 hours at (XI600).
F*fc» i.6
Gram-stained cells of the standard culture of *Chroaobacterium tyiliiflavuin* 
(NCTC 9381), grown on nutrient agar, 14 hours at x5°C (a1600).
- V;, ^BLE 33 ;
Summary.of main laboratory tests in which .’the dendrogram defined groups II
strains'gave variable .results#
'-..Test- : ■;■•■
. ■ .34 isolates;..; Culture, 
BOW 9381 
(•Ohromo- 
.■..bacterium 
■ typhiflavira1)
*K» ■
'Growths in KGI broth ■ 33 (late) 1 ;+ (lai©)
Acid from lactose ^ ■' 4 30
" ■ -wy cellobiose .6 28
** *■ raffinose i 33 ■ “ '
n :. ft eaXicin ; ;:S9 v:' ; ;5 +
Urease production
’ 1 ■’.v 33:
Aeseulin .hydrolysis,. ; '..'Vr -5 4 ' ■
Malonate .utilisation •; 33 ■_v\ +
Arginine ..decarboxylase 1 -
Gluconate oxidation 33
B2S production : ' a-.--33: 1 ■ , • + .
Characterisation of strains resembling •.
* Bacterium eug.vdice9 (Croup B)
Preliminary note ■■■/:.
The term Croup B will continue to be used to include all 9Bacterium eurydtoo9~
iike, organisms 'isolated'during both' General and Special •Surveys'.and also a -known.'. 
strain of this.specie©#;; ''.These -icbinprisedW^ '/ ’/
:-'/,//-■ ; Isolates.from .the'"General Survey.. .
(All .from, tsusiblo'bees) #3^  •
' Isolates from the Special Survey 
, •(see Table 34 for'souros;details)
X« Prom bumble bees •##•#•»#•#«*»••#*#o*24 
2*,Frets flowers ***•*•**•*#.****#*##**®® .
■ Known • strain of *Bact* eurydlcs6 ® »•••*•® • • ■• • *■# # •«* • 1 : ;
(Supplied by/'I)r*;I»® Bailey* Botbamstod .
.ExperimentalStation* Havpendeh't ' ;/•
;/;:/Bertlbrdshires I^glandP)
'fforphoioggr'y--
■ Morphological- properties,'were 'obtained by microscopical semination'/of'.'Gram». ;
■ stained preparations’ of "48 /hour .honey agsr -cultures*' Motility/was’ examined: in/' 
hanging drop, preparations' of-'24:.hour- honey broth. cultures* Estimated'average ' 
® i m 9 estimated,intensity of Gram-staining reactions and principal coll.,,
■ Bxran^ cmcnt :of Group Bstrains are-'detailed inTable--35* -
^ Those three isolate© were not included in the study of the 102 General Survey 
/strains* These ■•■comprised two isolates (strains' 69 and 121) from alimentary tracts 
and on© (strain 115) from; head tissues of bumble bees®
msyg 34 V
Source details of 30 isolates resembling 0Bacterium euiy/dtea* obtained during?
the Special Survey*...
Strain 
ffo'. . 8:
.Bumble'bees . Flowers ■-/.
pecies Sit© (.tissueJ lief .ho*
■ of ©p©«» 
©isen -
Species ■ Sample 
; IlOe .
132 Bomtnxs terrestrle Alimentary tract 29:' -
m «3 Hoad . 31
143 fS <? / n ■ 35 ■ ..'-v — ~~—
144 11 I? » ,' 35 :
146 Bombuo a^ronm ■' ■-•I*:.' 36. ; :
14? « it ''Alimentary tract 36
130 Boabue terrestris Head . 38
132 1! • '• it Alimentary tract 38 , y ■ — -■
1 5 S ■Bombus -agrorum , .Hoad 42
160 ii Alimentary tract 40 .
162 « n 0 42 «— . V
166 it . Hoad 4?
1?X ■ n ■ ■ 0 90 ■■
m <* 11 Alimentary tract 51 ■ ■■■■ '
m « 0 ■' Head ■ 52
1 1 9
••■!» '• ■ «
1S3 Pbaseolus ©ultifloruo 1 .
184 Bombus agrorum Alimentary tract 96
18? tt Head 97
188 ' »» •' ■ 11 i» 58 ~ ~ — —  ■.■■■■.— —
189 n t* it 38 ■ - ™ _ ~  — -
190 V »i Alimentary tract '58
Strain . Bwtable; beaa, - a , . ' Howers
So*.-. ' Species - SitG.(tiBSUG) Ecf*no*
of Bpe~ 
cdmm
Spades Sample
-
213 Bcrabus ■. agrorum' • Head .v'.:\ 61 ! „ ■ - "
m  rt w \ 63 , . .
225
~~ ?■■ ■ Aster .epeoles . 7
22? Bombue a riorum Alimentary tract ;. 6? • :
.240;.; ■■.-— — - fropaeolnm cm.ius 9
242 , —  _ . . . - -------- ‘ ***3» : 1! ff 10
244 . - -- --- ■— . It t? XX
245 —  ■ t» ti . 11
Some morphological properties of Group B strains.
Strain 
Ho* ;
Diiaoneioae .(/ti) ' 
iSiifi- Diameter *■ 
•(lean) . (Heaa)
' .Bat io ,
:' 1-en gtl^ Biasiot or ■
-/"Intensity of 
•'Oram-stalning
. reaction' .
(estimated) .
Principal 
- coll arrange­
ment
W y 2;oo O.44 ;■ 4.54;' .0*90 Groups ; .
p s  '■ ■ 1*93 0*54' - ' ■■^■■4v ' /  "3*57.' 0*90 - -v «?
3*83 0*45 v :n- ■ 4*06 ' \ . ;;
132--; ; W ; ;;vl*34 0.50,;/ 2*66 -;: 0*60 : ■it
135..;.'" ' ,.1*0?';,,g;: 0*68 V , . 1*60 . ;■ 0*60 p 17
143 ' ",1.17' - . ,0*50 ' 2.34 - ; 0*98 ' U
144 ':2*Ba :v 0.66 :.:V:4.36 "■ Singly
146 l*66 : 0.53 . .-3*13.; . 1.00 .; ■ Croups
14? ■; 2*os 0*46 ; 4 . 5 2 ' . ‘ ; 1''
15® • ; ' ■ , 1*39 0*49 ■ ; 2*03' ' V v , 0*90 u
152 2*04 D.?0 : % n  : ;; .0*90 ■Pairs
156 1.89. 0*5? . ' 3*31 ' '0.80 Oroupc
160 1 .1? 0*71 . ; ■ ' . 1.64./,' 0.93 it
162 1*29 ^ ,0.7 Q-■ ■ 1*65.'; /O.95. .ft .
166 1.61 ■0*55; ; 2*92 ; v ; « s:...
171. ' - 1.19 ; 0.56 2*12; , 0*95- « ■
174 ■ ' u u  ' ■ '■0*59 ■ 1*93 ,-;-P»98 . <*
175 1.16 .0*59;' 1.96 . 0*90 - ■ ■ ff
179 '.I .25 ' 0.63 1.9B 0*65 \ -
IS3 ■, '1.10 _ 0.65 1.69 /■0.9 9 .; ’«
m  ; . '■y- 1.23 ■ 0*72 ■■■■1*70:' : ■ 0*92 ts ■
IB? 1*72 0.50 . 3*44’ ; ; 0*80 n ;.
IBS 1.25 0*55 2.27 0.98 f?
M L E  35 (continued)
!
Strain
Ho*,
Btonsiono {/u)
■ Beng&ii "Mnmeter, '■.:■ 
;(Mean)_ : ; (Mean) '
-Eatio
Bengtfc/Biameter
'Intensity of . 
Gram-staining 
reaction . 
(estimated)
Principal .
; cell arrange­
ment .
■' i-*3i > G.64 / 2*04 1*00 ■'.Groups; . , v V
iso-';...--:- ■ -'l *44 oi59 v:v> 72*44 ■ 0.70 ■ ,s V-,' ■ ■
m : l*?3v. 0*60 ■ ;■ 2*05 , 0*9B Singly;
■ W - 1*13 ■■> >•58',; ' 1*94 ■ 0*99 : «•
>25 le.22■ 0*64 71*90': '; ' 0*70 ■: Pairs.\
■22? 1*42 0*86 1*65 0*60 ■ t ?
240 ; ■ ■■'v:-' ■■''■>•31 0*51 >V>2.5$;; 0 *99 "Groups
242 1*1 9; ■ 0*69 ;-■.' 1*72 : ■ 1*00 «
"244 : ■ i*26 ■ 0*70 1.80 ■ 1*00 V
>45 4*05 0*88 4*60 0.60 /Singly' ;
fBact.
ourydicG1 ^ 3#30: - , t 0*50 W •
Hates, . '-.V . . ■ .
' 3js-: tbe. case' .of •Graia-reaotion - the results sre..--recorded-numbers .ranging 
■ from 0*0 to l*0p':pressing.'th©''#stlmted;deg8^e- of -positiveness* ^
Group B strains were non-motile,. Oram-positive or Gram-variable, non- 
’ scoring rods, . ooccobaoilli or .ovoid cocci,' 'Strains which consisted 
mostly of eoccobacillary rods usually showed a small proportion, of. 
coccal cells as well, All strains .of the. g?mp showed a marked 
variation in .cell sise and they war® usually arranged in-groups," It 
should be mentioned' that’ the' cell • arrangement given in 'fable 55 'i© the 
.predasimht one observed-for each strain, although in most strains .sou©..- 
.cell© occurred - in .grout® and some in pairs or singly or .both. In the 
' case - of &' few. strains cells' were also arranged ■ in chains.
Cultural characteristics ,
Cultural properties of Group B strains are given in fable 36* 'All 
strains, with the exception of 242. ©rid. 244, gave.moderate growth on honey. . 
agar when incubated aerobically or anaerobically'at 25°C, fhe coloi^ . ' 
colour of Group B organiiEas-on. honey agar -ms. either grey or whitish-grey.
Of the 34 organisms 26 did not' grow" at all on nutrient agar and the 
regaining 8 showed only trace of growth .cm' this .medium* ' On blood agar 6 
strains showed poor to''moderate..growth,-. 22. showed;only trace of growth 
and the remaining. 6 isolates, did not -grow-at all, ■
-• k ..temperature ■ of 25°0 m s  found to. be optimal-for the -majority of Group . 
B strains, although 15' of' them grew:ecjaalXy. .well -also at - 30°C and 37°0*
Resistance
She results-of resistance and viability tests carried out on Group B 
strains are .given in.'fable 37*
Growth in the presence of high concentrations of sugar, The majority of the 
strains of the group showed growth in'the presence of 6,23 per cent* and-12,5
Culture! properties of Croup B . strains©
Strain -,' ■ Colony-^ boiour 'on;; Anaerobic - Orot?th . Growth' -Growth at different; 
Ho* '■ . honey a gar : -.'growtii'on- ■ onr-nut-, o n • ' . teoperatnrcs (2)
;;:' ' h o n p y N-agar ■ rieni : ■ B l o o d  ■ O£-0~ ' \
(I); - . agar d) ae»(l) 25 0 30 C 37 fc
■ ■•■C,.;"Gray' :V0*4,V :0* 00., 0.01 ■ 2.0 ■. 1 .5 0.5
115' : is 0*4 0»00;- " ;0.01 ■ ■ ■ ^-i.a' ::0®5 ; •:':0*5
;l.a ■ ' /i*' - ■ ' .-b.4;? 0.00 0*05 1.5 1.0 1*0'
ii3? Whitish-;gpoy. 0*6 ; -■ 0.0D';-; : 0*00';. - 2.0 :l*5 :
■135: ; 0 0.5 0.05 0*30 ' 6.0 6.0 6.0
143 - ": . ♦* '• ■ ■;o®6..v' , 0*00 -p.00‘; ■: 1*5 ' 1.5'v: 1*5
144 . « •;.»' 0c6 ; 0.00 0.05 ■ 1*5 3.0 2.5
146 t? - IS -v 0*6 0*00 0.01 1.0 1.5 1.5
147 St '• ft 0*5 0.00 0.01 ■ 1*5 1*5 1.5
150 Grey ; 0*6 .; 0.00 : - 0.00 * . 2.5 0.5
132 tiV, 0*6 0.00 0.05 2.5 : 2.5 . '■ 2.5
156 ; Tlhltlsh - grey-'.'■' - 0*6" ; 0.00 ■- 0.05 2.5 2.5 0.0
160 Grey 0*5 0.05 0.30 ■ ■; ■• ' 6.0 6.0 ■ 6.0
162 ' 1? ; 0*5 0*05 0.30 7.0 7*o 7*0
166 . ' : Whitieh ■-» 0*4 - \0.00 : . - 0.05 ■ 0*5 0.0 0.0
171 Grey :-.- 0*4 . 0.00 , 0*01 0.5 v  l . o  ■ '■ 0.5
174 ."■'6.4 v 0.00 0.01 0*5 ' ' . ' [ I m p ' - " " i . o
175 V; O • 0*4 0.00 0.01 2.0 1.0 1*0
179 ■ . ; ■ St - 0.00 0.01 0*5 0.5 0.5
183 it 0*6 0.01 0*05 : 4.0 ,; 4*0 . .; 4*0
184 \ ; ■' SS , ' 0*6 0.05 0.60 5.0 ■ 5*0 5*0
18? ’ Whitish —.grey; 0 * vn 0.00 0.01 0.5 .o«5* 0.5
188 it ■" .. »» . ■: 0*6 ; 0.00 0.00 2.5 2.5 2.0
TA.BLF* -36.(continued)
Strain 
■No. ■
Colony-colour'on'
. honey agar .'
Anaerobic
growth o& , 
honey agar
(1)
Growth 
■on nut-
.riant .
.agar (1) ■
: Growth ■ 
on
blood 
agar (l)
Growth at different 
temperatures (2)
25°C -ao^ 'v: ' 3?°0
289 Whitish -' grey 0*5 0*00 0*00 2.0 2.0 ■ 0.0
290 ft f? 0*5 0*00 0.02 7 2*5 7;2.o, 2*0
213 - ■ (bey. ' _ 0*5 0*00 0.01 0*7 VS-" .2*5;
217 o«5 0*00 0.01 / 2*0 . ■2*0' : 2.0
223 ' I? OS 0.01 .0.20.7 2*9 0.0
227'. IS 0.4 0.00 0.20 6*0 6.0 6.0
240 ** . . °*$ ; 7 0*00 0.05 .7 2*5'' ■ 2*5 : ■■ 1.0 :
242 ' • ■ ; n ■ 0*1 0.02 0.05 1.0 0*3 0*0
244 t? 0*2 0*01 0*05 ■■■1.0 . 2*0 0*0
m Whitish — -grey ' 'CoS ; 0.00 o.oi ; 2*5 ;. 2.5 0*0
Baoto
eury&icet f5 f? 0.6 0.00 0.00 2*5 2*5 2*5
ITotoss
(2) «£h©'degree -of growth ®g recorded. in' 'th©:. range of 0*0 (no 
'growth) to 2.0 -(heavy, growth); ,:0*O5 was need to indicate 
fia definite ,trace - of. growth & M  0r03ft6t<indicate the 
faintest trace of growth discernible.
' (2) a opacity attained* ae measured by Brown* s iube% in honey 
. , broth cultures* ■ y-
.Resistance and viability of Group 3 strains*
StoinHo.’ O r o ^ m l l ^ o r k o ^
7,a A \
iii^ —iWiiniMnniii^ ii-TmMimiiiiriiwiiiimi nnniiirKMnrnuMTipiiMHriTlinniii’iiitmiiiiifinn iir iirniiiriiivriiiinniiiiiiifwwrwinaiiiii—ir  i~r im ii Ttiiiiiriiirjiiiniii'r iiTi,inMii--i—rwrwirr-n—-t-t-—n—m—rrrr~i 1—" •“ ~ ~~—r r   —  
69 ■ . . .. 15 0.00 ■ . V-:;
- , .  ;.., - :  . ; : 15 : ?  0.00 :; ’■ . .
121 > ■■+:"■■■ *y : y -  ' :?: T : 15 . 0.00 ; |
132 V 4  : .: 7  y4 : ■ ■.■■■■“  ' :. W .7  :.\ : 0.00;
135' ■ ■+:.'.":.;; / W  +7 ■ 15 , 0.05 ' '. I:
143 + ■■■ ‘ .5  - 0.00
3:44 .+.. > * 'y y  " .7 15 : 0.00 ■
146 ' 7y' + - ' ' + ''. ' -  ' ' 4 ■. 0.00
147 " > 7  ' .. + : ■ . '  , 4 ■ 7 '  0.00 : ■■■: - '
150 4 <■ -  4 0.00 7 y ' 7
152 ■■ ■ + + : *5  '■v;' 1 0.00 ' .'■■ ■
155 . + 4y 7 ' / I I *  ; 0.00 '
160"" ■ 4 " ; '7  4  ■ ; 11« 0.60
162 4 : 4 ■. ; +'. ' . /  '11*': " 0.50
1 6 6 ■  ■ 4  :V'y7 ■ -  .■ y" -  " 7 7 ;11*  y ' 0.00
171;': 7 7 + :" 4 , ■ ,7 '.7 .. •.■■ " 0.00
174 : 747:./' ■ 7 ; -  y ' .,y: '3 o M  '
175 7  + ' ■ . . '4 ■ ■ 3 ,0.00
179 /  . ■ 4 ' ■ 4  V :':;4  v :\ " 4 \ ; : : 3 : y ■: 0.00
183 " ' ■ : . + , . . y 11 . y:y 0.00 ' y
384',: : ,' . ; .': ; 4 ;:' 4 -  7 0.30
187"; ; 7 4 ' 7  : ' 'y4 . . y : ■ .;, 4 0.00
183 : : ' 4. ' y" ; + ' 77' -  7 : 0. 0 0 ' 7  7 '
109 y; : 4 ' 4  ■ y — ■ 7 , ' 0.00
TABLE J7 (continued)
Strain Ho* ■.'Supar tolerance Viability
at 4 0 (2)
. • Growth' on -MacCenkey9 s 
agar (3) '8Sf.U);
190 4”. 4 . ■ 0*05 -
■:2b ; • 4” . ■; . ■ 4- 4 ■ 4; -. 0*05:
'217 4*. . 4 ; 4; 4 0.00 ;
■225';.-' 4" ■ ; ~ ' . -"■•■■ 11 0*00
28?.;;. - - - . I5 0*50 V
"240 '. . + 4 ■ 7 : O.-OO--.;.
242/- 15 / ■ 0*05
244 ." 15 0*05
24-5 * : 4 .. - ' ii«- 0.00
‘Bact*eurydic©v 4- . 4 - ' 5 . .'0*00 ■
Hotesr;-
(1) « 1*25 per cent. 'honey end rea&iiide? #ueos©*
(2) ■«= weeks'of survival on;honey agar*
•(3) « the degree of, .growth was recorded'.in the' range - 
. .0*0 .(m> growth}. to''X»0 (heavy .growth); 0*05 
. was- used to indicate.a definite trace -of.-growth*
•••* . « cultures wore contaminated after 11 v/coks; survival9 
. and were discarded*
per cent# sugar whereas only 8 of them were/able to grow at tho concentration , 
of 25 /per cant*, 'sugar*.' Strains .22? , 242 and 244 did not grow in tho presence 
- of .any of; those,concentrsitions#.>
Viability on honey agar at 4°C* ?2 hour cultures on 5»0 sm* thick ■ honey agir -,: 
v plates were "stored, at 4°6 and; wore 'tested-'for a;total of 15;w©i^ s«a^ ut;;©fr34;;::
' ;:strainsnl6lres£iiiied alive /for; 11-1$ weeks and ’the: remaining 18 survived' only
• 3-Tweeks, - v. • ;. v '
' Growth in KOH broth* - .- All Group B strains; were negative-'in this test* ' -
Growth .■on-: MacGonkey* s agar *' Of the 34 steins 25 failed to . grow at all on this'/ 
medium, -J- showed only trace of' growth1 and tho remining 4 showed . poor: to moderate" 
. g r o w t h * - /;
: Biochemical ■'characteristics? , '
Action on carbohydrate' and related substances* Group B : strains required glucose ' 
. -fort: honoy. for good, growth, .but.neither .of these could, of -course, .ha included • 
in the test /medium for detecting, the rcmion on-•fermentable -substances*' .Brc-y, 
•,limlnary .experiments wore carried -cut to' find -a suitable basal medium for -the- ■ , ; 
test with the known culture. -of ' *  Badtbriua eurydice1 and' a few: ether -strains (17 ' 
of. the/.group using 1? different carbohydrate and'related'substances* ^he 
. basal media' tested/were^ ' (a,)^ ’Andrade.peptone water and;(h) : brain-.heart - 
infusion containing Andrade Indicator, each containing 1*0 per cent© of tho 
■ appropriate substrate*' Beitherof tho two basal media was completely satis-; 
factory? in. each .-case, the'majority of steins grew poorly, or even not at all*
It was decided therefore to use Andrade peptone water od the basal medium and to 
■rely on a heavy inoculum;obtained 'from a culture on solid medium to initiate . 
"'growth*. ,; ' • ’ .
Besolts of the action of Group B strains' on fermentable substances -are \ 
detailed '.in Ifeble 38' (failure of -tho -organism to grow in any-particular .- 
medium is Indicated-by a blank space)® ' In-the case of the .majority, of -positive 
and negative.' results recorded the" growth. shown by' tho organism concerned was ■. 
■.moderate to,.poor and, because' of'this, negative results should, be ■ treated with' .' 
"soae-.rese^ e*- ';,-l- ; / ' .
All Group; B strains; produced acid from glucose usually within 48 hours* ■
3te'. sorbitol'.-28 strains produced aci&f the 'remainlng 6 failed to grow*. More 
than balf produced acid from sucrose 9 trehalose and jn&imltol, end'nearly, half 
were' positive; in, xylose* : A -few 'strains" csleo attacked arabiriose, rhamnoso, 
lactose,’ maltose, -.oellobiose, -raffisos©*' dextrin, - duloitol* .glycerol, inositol . 
and salicin* . fhe remainder were ■ either negative or failed to grow, in those 
substances*
Gas production m s  tested In the .esse of - glucose, lactose, maltose,; ; 
sucrose, mannitol and' r Ixoin's - no'-strain was positive* .- •
OadLdat ion-feraent at ion (0-P) test* ; This was carried out using Hugh and Leifcon*a 
medium containing glucose and-honey as the substrate (see Materials and methods)* 
All ,the strains for which definite results could hs."obtained* including. tho' knom_ 
strain, wore. fermentative*' 13 strains produced acid in both scaled. snd': 
unsealed tubes ©whereas 19 strains failed to grow in. either* ■ Of. tho remaining 
two '-.strainsone grew, only ,1a the . sealed tube and another in both, coaled and • 
.unsealed; tubes -without showing any add production*
Other tests* All Group B strains/were negative-In the following fasts, despite 
tho, fact .that growth .was,obtained wherever necessary*" gelatisaee production;, ■ 
urease production (with the exception-of strain 69)! . chitiaace.-productioni ■>.
■ ■ y'm&i.liS 3© .
Action of Group B strains'on carbohydrate and related substances*
Strain
H o *
0
. a . - 
:  0
{3 .
•H
,Q
f r .
©
m
0
1
je t
f*T .
©
«s - 
0
H%
H  .
&O-" 
C2 ' 
O45 • O
*-?
O
63 ■O
«P
r-1
33 '
#&
IQ
C
$ 4
O
■Pto
■ 0 ' 
t s . O
. j§  
©
. ■ © ■ , ■ ca 
0*rt■.0Or-s
iHGO
-©■ G ' ©
<NVI
M
69 - -  ■ '
113 t* ; mem -
121 h  . ~ —
1 1 2 - ■Sm» - L h ‘
m ; ;I». L L h i»v mm A A--: ■r-
143 -  : ~ - - - ~
144 V - A - - „ h
146 ~ - A
14? i  ;■ • Is
130 - - mm
132 - A '' -  : Ij
136 - - L
160 A - a L';" h - A A
162 - A I* ■A , A ;A A ' «&»
166 - L;'
m L I* L
•174 ■! - « - •
; 175. :; ■L. • L
XT9 L L
183 h L L L A L L A
■I84 ' ' I*.' A mm L A : A ■A A *
18? -
188
'
■ — — — ■ “* 40* mm
TABLE 38 (continued)
S tra in  
H o ....
©m0
s
• n
©m.0
j § ■ 
m
©©0*ri
S'S
&©a0
0
■ r’
» ■ © 18 O4» . r*fe? ■•v-**r-‘:»
&&©0u0E300
0 a
5 "
1
©©©*r1JO,CP*4f f©O
© ■ £3 O £
s<15«
P*34*
t4
a
f~4C43•H©
f-4OU©
fc
&
r-d0
•Hca0
a
&<r4©43«ri
S ’
r~2O '45 ■•H*©f-i
fi-
*f3«rf0 «rJ #«4
1
4®©
■43
IB s - - ~ «w - - ~ ’ - L L ‘V 46**
190 h  • If X* h - ll L L ;
.2X3 / ~ ■t. L L L L
21? tarn . II X* L «• L A ~
225 A.. t - L A ' A ■L I - ■-•■a Xi : <*•£jr
227 L L I A L A ' “ 1* ~ X. a : A***
240 - - L - «M9. 4MA L L mm
242 A h Xi •■■■. F
m A ’... Jh X, F
m - -  . X* L. «X» ~ - - K*C* ■
•Baet* 
etirya ; 
dice® 
—;—J
mm
__ j
CB» - - b L -
... J.
- Xt:- «* F ,: ,
Ho‘tGS8
Ail .strains''.produced aoitl from-.glucoses . with the exception-of 3 strains,
, all were positive -within 48 hours* ; •
v ■# «' (he..production me' tested in. the ease of glucose and.substrates .•
.';calked- thus,hut none of the- strains m s  positive in this. tost.
Blank 'space'.« no'' growth* '
■ no'\aoldity; or gas. ’
. A » 4cidity within 4B bourne 
L'*b acidity appearing' between '3 and 16 days*
F » fermentative, producing a d d  in’.both sealed.and'unsealed tubes*' ;
• H*C* e’ growths without acid production, .in both sealed and 'unsealed tubes, v 
1• H*C* e growth, without acid .production, in sealed tube? unsealed tube showing 
no :gmwtb*-'
peotims© production! citrate utilisation! salonute utilisation? PPA production? 
oxidase activity? V~P test? lysine and ornithine decarboxylases? gluconato 
oxidation? nitrate .reduction?- indole production? and .H2S production*
A dditiohaii biochemical properties of Group B strains are detailed in Table 39 
:and sussoarieed'-below*' '. '■
-7 strains' hydrolysed aesctilln, g.'sts^ ins.'woro' OSPG-poeitive, -$-mrQ 
catalasc-positive- (one' strongly >o) , 31 were Ml -positive, and 7 were'positive to 
’the test for arginine decarboxylase* .
Saline agglutination
Tho behaviour of bacterial cells of Group B strains in 0*85 per cent*
HaCl■ was'tested as previously-described*,Only.4 (strains 146,147* 160 and ■
■ 225) of tho ■ 34 organisms ware saline aggluiinable*
Serology
Slide agglutination test* The antiserum against the feomoulture' of fBact* - 
eurydice* .was used to detect agglutination ' witifsaline' suspensions’'of all:
. Group. B ntrains* Eleven organisms including the . homologous strain of ^ Baot* 
eur.ydicel and strains 115,121,132,156,162,171,184,213,21? and 245, reacted In 
a positive manner*
Additional biochemical properties of Group B strains®
■ Strain .- "Aesemisi ■ .■■v,;l33EO V. . Catalaoe • H E tent Argtnlno
Ho* , • hydrolysis' •; teoi Y activity .' ,■'• decartasylasa
...us.;’"' ■ ~ •  ^ -; - ,
m  - ~ : /V; v - v
V;X32.-.'.--. . ''.'/v - i - J . ■. ;;; - * -
135 (2) ‘ . - Y  : - y * y ' * Y
X43 - - Y.Y * Y~ ' ;~ ■ ;
146 - . *
147 ' ; y- \ .;/■■ - - ' ' ■'■ +' ■ ■ ■•-
1J2 - ■ v g -V /
■ 156-■ • ’■_'■ . v‘ . ■■ '--y
160 (2) : ■ . » . - ; - ♦;■'' .
162 . Y (2) - Y  ■: *  '
166 .** ' -/v ; ' y -Y * ■
171; . >  v'; ';V ■. ■ ' ' / , ■ ;  ~ ■;
■ 1 7 4 ' : -  "♦ (trace) ■■■*..' ;
■I?5;;:y.y ' - ^ ~  ■ W . - '^ V - ■:
■ . v ;vv.'^
183 . : . (2)' ■ *; ■ . ' - * ■ -"U
XO4 (2) - - '
1 0 ?  y  Y .  -  -  -  . +
. 188 — — — *&• —
39 (continued)
Strain" Aesot^ in' ■ 
-Ro*;: . hydrolysis - test
'/i.Gatalase'." 
activity
. ■ U H test .■ Argin&n© ,
’■ cleearboxylase
190 ■ ■ ■ «$.
2X3 ■■ ~ ■ ;: ; *5-
217 : ~ ■ ' 4'-: V\: ~
229 y ^ y - ' y m  -y;
■ ~ : ■■'■ ;'Y-— +y-: ■
227 (2) ; ;■ y\. m m  _ ' • • - ' 4*
240 ; ,*a*: (trace)
242 "?* y-y ■ r.y .
244 m m ■ ' - '■:
2 4 5 ; ; ~ ■ mm - ■ m m
'Bact« eiirydlce1 :-.v.v mm ■ '** -:A t;;
■Hates: ■ . "
(s).; ** Positive \ itbin':.4B. hours*
■' ■ (oj) >' ppo-.ti\ o, between 48 hours'-, and 8 days*
Computer analysis of strains resembling
' * Bacterium euryflics* (Group B)
Tho 'computed fS# values,'as printed;out', in the similarity matiz, ranged 
from 52*2 por cent*.- to 99*4 pop cent# ■
Cluster grouping' .......
■  1.11.1— 11.1 ■ n. .m'j 1. imuymmiii .
a« Single Link -Grouping (s*l>*G*)* ’The computer was: programed, as in the case . 
of Group A strains, to scan the similarity matrix at falling levels of 2 per 
cent* similarity*
Bendrograia* The dendrogram (Fig* 2ft) represents the groupings obtained 
by S.B#0. method* At tho level of 78 per cent* similarity, at which all 
strains coalesced into a single group, the computer rearranged the 
strains'..in -a manner shown, at the bottom of the dendrogram (strains 242 
to 227)• As before, ’S* values are'shown in the -dendrogram as horizontal 
lines at the appropriate value, lining the strain, or group stems*
. The dendrogram .shows that at 88 per cent* similarity 32 .of the 34 
strains fell into three groups* Group nbn the largest, included the 
■ known strain of' * Bacterium ear yd ice1 and consisted of 26 organisms (strains 
143 to 245)® Group f,en contained 4 isolates (strains 133 to 184), and 
group was formed by only 2 organisms (strains 242 and 244)• Strains 
225 and 227 remained mgrouped at this love! but joined the groups rtb” 
and ”c?r at 84 per cent, to 85 per cent. 'S' level* Strains 242 and 244 
United with the rest of the strains at 78 per cent* similarity*
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Results of computer, sorting, using Single Link Grouping, of the Group 
strains, expressed in the form of a -dendrogram* The 3 main groups at •S* 
value SB -per-cent, '.are indicated beneath;the strain numbers.
b. Single Link Listing (S.L.L.). The computer me' programmed to scan the 'simi­
larity matrix in descending steps of 0.1 per cent, similarity* as in the case 
of Group A strains.
Dendrogram, fig. 2$? a dendrogram?; is a diagrammatic representation 
■ of the groupings- obtained by S.L.B. method. . -In order to.mke ’..the - diagram ..- 
simple* it has. been drawn to "show. 2 .per cent, --steps in' similarity* ' 
ineiesid of the 0.1 per cent, steps at which the computer print-out ms 
produced. ;The strain numbers* 244-to 162* at the bottom of the dendrogram 
•are "-in- computer rearranged order .at' the final sorting, level of 65.3 per - ,
.; cent, similarity. -
Pig. 2S’ shows that at 88.5 per cent, similarity 30. of the 34 strains 
fell into 4 groups* designated 1*11*111 and IV. One largo;-'group.'(group 
'III); which included -the Imown. strain of ,Baot. eurydloe8 consisted of 22 . 
strains (strains 21? to 245)? one small group (group XV) contained 4 
isolates.(strains 160 to 162)* and the remaining two groups (groups I and 
II) each comprised only 2 organisms (group I containing strains 242 and 
. 244? &n& group II consisting of strains 144 and 152). All strains* with
\ the exception of strains .242 and 244? - coalesced into a single -large' group 
at 78*1 per cent. fS* values indicating tint they were closely related 
. to each' other. ; .-The:strains 242 and 244 joined the large 'group at the .
- - final sorting level of: 65*3 Per seat. similarity* which suggests that these 
two organisms were only distantly related to the rest of the Group B strains
Shaded similarity matrix. It ms not thought necessary to prepare a 
shaded matrix illustrating the results of both cluster mot hods sinco the 
dendrograms were so similar. The shaded similarity matrix based on S.L.L. 
grouping (Fig. 29) shows three groups* one large group (group °y”)
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Results- of'^ eoffiputer ■ sorting, using ilngle Mnk Mating, of the 54 Group B - 
strains, expressed -in vtfce'fom of a' dendrogram, /£he -4 main" groups at 
value 88,5 .per cent, are indicated beneath the strain numbers.
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Shaded similarity matrix of the Group 3 strains arranged by Single Link 
Idsting method.
. • consisting of 27 -organisms.'(strains 69 to 225)» ono/small. ..group' ('group -.’’a”)
;‘containing. 5' isolates (strains 227 to 162)9 and the renBining group (g^oup 
•’xi”) made up of strains 244 and 242* Thus Fig*' 23 shows xaoro or lose tli© 
-same grouping as the dendrograms prepared from'the results of. both cluster 
, : . methods,"(see Bigs* 2£ and 28)«
. , f  it 'is 'of ••interest 'tohnpte that; in all;.dendrograms and: shaded similarity
mtrices (Figs* •'2$?£$). which wore, constructed on" the. basisof S*L*6*-.and' S*h*L*.: • 
methods of cluster Roupings .the known strain of •Bact* ouryAice* took its •’' v = 
■ position. :on one-end .of . the -large '• group to which"' it. belonged* •;•' f hie, makes it: : 
evident that the culture-of 8Bact * ourydi ce * ms not a highly typical member of 
the groupfthii' 'is 'not' sitrirasing_sihce7its .bcSsw^ ibhmble bee,-;.
General description and systematic position o f dendrogram defined rrounc.
The following description Jefors;'to the S*L.b« grouping-(88*5, Pe2? cent* ; 
^S^)"which m s  chosen einco it imv© a slightly more .elaborate .grouping-than 
S*L*G* 'grouping'-(88 per cent* 3rS*)* For details of the constituent strains 
of each of ■ the -4 dendrogram defined groups see Fig* 2[§, The summary of the 
source .--.of the isolates and .that-of the main'laboratory properties of the cultured 
.is based mainly on Table 34. and' Table 40 respectively* fiesults of the various ' 
tests obtained with the individual’ strains have been shown in Tables‘35-39*'-.
Group I (2 strains)*
Source* Both strains were isolated from flowers of Tropaeolum majus 
(nasturtium)* .'
Laboratory properties* Non-ssoiiloy hon-sporingy Gram-positive cocci to
if . :
.ooccobacill'i showing trace of growth on nutrient agar, Hood agar ana 
MacQonkey8© &gar|. eatalasQ-ttO^ ilivof :and fermentative* Like strains of'
* see Fig. 30.
groups IX and HI 9 group X strains rarely attacked sugar* This group 
could he differentiated from the rest of the dendrogram defined groups 
by being M.B. negative and from groups III and IV by being O.lf.P.G. 
positive. For details of group properties see Table 40*
Systematic position. Coll morphology and the results of catalase'and 0-F 
tests clearly indicate that group X.organisms belonged to genera Strepto­
coccus» Aerocoocus or pedlococcus. It so happens that in the case of the 
members of the above genera the most useful differential criteria are 
protided by studies of antigenic 'structure* baeaolytic ability and 
carbohydrate fermentations* Mo attempt was ..-made' to study the antigenic 
structure of group X strains and* unfortunately^  these organisms noithor ■ 
grew enough to induce any change on blood agar nor showed any- .growth in 
the majority of the fermentable substances used. Due to these difficulties 
group X strains could not bo identified. The properties of these organisms 
to show only traco of growth on blood agar and to show no growth in most 
of the carbohydrates employed surest that they were not the usual kind 
of streptococci? they might perhaps be rare species of Streptococcus or 
Streptococcus - like .organisms (Aerococcus or Fediocoocus).
Group £[~:(2 strainsj.. . --
Source. Both strains were isolated from bumble bees (one fro© an alimentary 
tract and another from head tissues).
Laboratory properties. Hon-motilog non-sporing$ Gram-variable (90 per cent* 
of the’ cells being Oram-positive) rods showing no -growth/on .nutrient agar;; - 
and i!ae0onk©y,s agar but - trace - of -growth on blood agars -catalase-hogative.5
* see Fig. 31.
;3
Grom-stained cells of strain <di+d (one of the two strains 01* the dendrogram 
defined group 1 of Group B)f grown on honey agar, 48 L  rs at 25CC (Xl600).
y ?
Fift. 31
•--^V "-1 • » i
Gram-stained cells of strain 1/h4 (one of the two strains of the dendrogram 
defined group II of Group B)t grown on honey agar, 41 hours at d$°C (X16oQ),
• and fermentative. The ability of these organisms to act on fementable 
'.. substances m s  restricted in the-same way as that of groups X ana III 
strains. This group differed -hoover. Steam the rest, of the'- dendrogram ■ 
defined - groups in producing, acid-: from raffinose. - -Like group IV strains, _ ■ 
the organisms of this group produced arginine .decarboxylase and /like- 
-’ group'X: strains • they were.-positive'. in G.H.r*G. tosfcg '
- -Systematic" position. Cell morphology and the results of the cultural, / ,\
: -resistance'and-biochemical tests suggest that both strains of group II ' -
. arc very ■ similar to group III strains • (fi3act. eurydice* .- lilt©', organisms), 
Thus they seem to be related to *Bact. eurr/dice*.
Group III (22 strains). ■
■... Source.- . This group comprised 21 isolates," together with -a known culture 
of. gBact, eary&iee*; 1$ of the 21 .isolates were obtained from bumble;. 
bees (5 from alimentary, tracts and 34 from head tissues)/and the remaining
- 2 were isolated from flowers /of TropaeoXuia’^kjus (nasturtium).
laboratory properties. I'erphological (see Figs, .52,33' and 54),' cultural, ■ .
' resistance and biochemical properties of, group' III strains were - very' - 
similar to those of group II strains. The main features in which group 
./ Ill differed • from' group H  were the failure to i reduce arginine decarbo­
xylase and Beta-galactosidase. For details of group properties see Table 40.
'i
- >
r
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Gram-stained cells of strain 150, the type strain of the dendrogram defined 
group Hi of Group 3, grown on honey agar, 48 hours at 25°C (a160G ).
> :
«s
g&uia
Gram-stained cells of the standard culture of * bacterium euiydice*, grown 
on honey agar, 48 hours at 25°G (Xl6Q0>.
> - ’1Hf
V i
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* ig. 34
Gram-stained cells of strain 132, a strain of the dendrogram defined group 111 
of Group B, bearing closest resemblance to the standard culture of 8nactcrran 
eurydice*, grown on honey agar, 4c hours at 25°C (a16GG).
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V  -
Gram-stained cells of strain 184, the tyA e strain of the dendrogram defined 
group IV of Group B, grown on honey agar , 48 hours at i5°C (X16GG) •
Systematic position. Group III organisms were identified as strains of 
. ■ *Baot. eur./dlce* because the characters of the known stmin of this 
species (which fell into this dendrogram defined group)' largely, re­
presented the group properties. - An ‘argument - to include >Bact. eurydioe*
. in the genus:Lactobacillus will be 'given-in''the final chapter of this 
■ ' -thesis.
Group XV- (4- strains). .
Source. All - group XV strains were isolated-'from bumble-bees* . 3 from , 
alimentary tracts and 1 .from head tissues. •".
Laboratory properties.. Iloh-motilo. non-eporing* Gmm-variable.(consisting 
mostly of Gram-positive cells) cocci or ovoid cocci (both forms of cell; 
being present in each strain) f usually showing poor to moderate growth on 
blood agar and fiacGonkey’s .agar but only a trace of growth- on nutrient 
agar.' Unlike groups I to XXI* this group consisted of organisms which 
wore biochemically active* producing acid from all the fermentable 
substances used except -raffinoee and dulcitol* and hydrolysed aeoculin. 
Like strains of'group: XI* ^oup XV steins also produced arginine decarbo- 
xylase. For' details of group .properties see liable 40* '
■ Systematic position, fh© shape of cells (i.e. ovoid cocci) * the ability of 
organisms to produce acid from lactose and ealicin and to hydrolyse aec- 
culin* and thoir overall action on fermentable substances clearly indicate 
that group XV strains are group 1) streptococci. Properties of this group* 
save for its ability to produce acid from sorbitol* suggest that it may be 
• identified with Streptococcus faociua.
* see Fig. 35
rnBLE 40- ■
Summary of the main laboratory properties of dendrogram defined groups*
(2 isolates)
II
(2 isolates]
I I I
(22 cultures)
&  isolates jknownculture 
of fBaot. 
eufydice1
IV
(4 isolates)
Morphological
types;;
Gram-positive or 
Gram- variable 
(l) cocci to cocco- 
bacilll
(ii) rods
Cultural* resistance 
and viability testsi
Growth on nutrient
agar
Growth on blood agar
F.T.
B.T. D.T.
Growth on HacCohkey’s p.m.
. agar-’  ^ . * *
Weeks survival at 4 C 15 15
;d.t.(4)
:F.f#p2)
-.:(d.*p*(2).
( -(19)
( 3-7(16) 
(11-15(5)
D.T.
eo/h.o,
(B.T.(l) 
(P.O./B.Q.(3)
( 7(1)
f 11-15(3)
Biochemical testsi 
Acid from arabinoee 
n w rhamnose
” 18 xylose
n M lactose
11 ” maltose
” sucrose 
M trehalose 
M bellobiose 
1 raffinose
i?
tt
■ + ■ ■
H.G.
4-
H.G. 
+(D 
+0) 
IT.G.
I .G .  
I .G .
+(1)
-/M .G
H.G.
1T.G.
+
-/iT.G. (20) 
—/IT. G. 
-/iT.G.(0<5) 
—/lT. G. 
-/i?.0.(2O) 
+(13)
+(11) 
-/fT.G. 
-/iT.G.
IT.G.
+
4'
IT.G.
+(3).
+(3)
+(2)
+
+
.+(2)
4*
4-: :
m B L E  40 (contlnncay
.. i I I  ' ' , . f i x  ;
( 2 2 c ^ tu re s ^ )
XV
..■(2 isolates, (2 isolates) 21 isolates ,hnownculture 
of • Bact V‘ 
fiu ryd ioe* ■,
[4 isolates)
Biochemical tenets 
£ Cont*^
Acid from,dextrin N.G* : ; lli>G© —/RoOe( i 8 j
' n ■ , 15 dulcitol ■'h .G .v Ge - • : -i-77- :
ft - glycerol: 1 *0 . . 7 -/N .C . , •«•/$• G«V '; . : ■ , 1?«G*: v/. :. ■+(3)
15 ■ fl. "Inositol ''b .g . r-.■ 7 .:\ :-/NiG./'' 7;'w-v:. v  7 4(2)
: 0 *? ra a n n ito l ■—/n * g *  y" *(D Hi 4) 7  4- :7 <(3 )
** s o rb ito l . , -■-itoCV- ( 4- • ■4.(18}:;';' 777^ 4
M . : • * ealicin .• II *0. —/l?«Go , -  ■ ■ ■ ■ 4
0-F reactions P;; ■ F ’■ ’■ »/lloGo(l8) 7  ■; -.77.
Aosculin ' 'h y d r o ly s is ■ h # G». 7 -  7 i* • i?» ‘ ' 4- •
ONPG test • 4 -  7 •■7;* 7 .
Catalaoe activity •  ' ' “  .7 ; ;» ( i9 ) : ; ‘ .'**
H R tost 7 ■ *(20) ■ 4-7 j,,
A rg in in e  deear-. ' • 
boxylase . ‘mm 4- . 7'7;7: V  '..7- .
.Notest ;
■ Organisms of all -the 4 dendrogram-defined ‘'groups produeod ;aoid, (without 
■ ;■ 'gas) ■ from .glucose and’ -they wore •ne^tlve ' in the-, following .tests:-:. - 
Growth in it Oil broth? gelatinase production?' urease pro duct ion? chitinase 
.. production? pootinao© production? ■ citrate utilisation? ■ malonate. utilisation?
PPA production? oxidase activity? V-P tost? lysine and ornithine dooarbo- 
pxylases; gluconate oxidation? nitrate reduction? indole production? and 
B2S production*
. . . ',Notes-'Cont«*.«*j»
Notes': ( continued) : -
;7 -poBliive;> c7::7 :;7':r'-7'7' - -7-vy7-7 -: --v 7' ’7! 7V- - ;7 ;.:::y777y.7'y’;
— 62 negative©
N*G*» no -growth*'
faintest trace of growth® ■
definite''trace of growth®■--■77 ■.U:--v:7--v;---7;7-7''7'-:'-.;'7;-':77
P^ HG*e;.poor to moderate 'growth,-' yy 'yy. .7: v.V
y-:.F«■fermentative* producing-acid both-aerobically and anaerobically® ' y 
.; -Any of the above -signs alone «.all: strains within that group gave■ 'the-
; result shotm® 7y 
*3 strains of. the group wore, negative-or .failed to. grow in the; tost medium# 
H  ;)'.'» the number to'the - parenthesis shows the number,, of -positive', strain's* they 
; remaining - strains of the group being negative or showing .no growth in a 
the tost medium#
;) ...» the number in the .parenthesis shows; th© number of negative strains5 the ■
■ remaining ■ strains. of the group, being: positive® ,
'-/N#'G*( ) ® the number in the parenthesis shows the number-'of.-strairr “Mob :wor© •
.;-. either negative or‘failed to grow in the test'.medium ^ the remaining 
; strains being positive (in-- the case of (Mutest the remiriing'strains. 
were ■ fermentativ©) ■
DISCUSSION
DISCUSSION
Bacterial flora of:nectar feeding lancets
.The microflora of a hoot .species*."as has already beeen pointed out in the 
Introduction* m y  vary both quantitatively and .qualitatively according to the 
age or stage in life history* environmental conditions and habitr (including 
feeding habits) of the host*.and .tM even extensive cultural motions cannot be 
expected to favour the growth of all tbe micro-orgmisms present in that host. 
Mainly because-'of these reasons it xo practically impossible' to. give a "complete - 
description of the microbial population of man,- animal or insect® It must there­
fore be realised that the description of the bacterial flora of the nectar feeding 
insects examined during the present study may hot bo applicable* or nay apply 
only in part* to those nectar feeding insects inhabiting different environment® 
More studies of this kind ere required to determine the baeal flora (which is 
constantly present under all conditions) * supplementary flora (whose range is 
limited in space and time)and transient flora (which occur . only temporarily as 
a result of local or transient environmental factors) of these insects®
The present work. not.designed-to discover the ectual symbiotic rela- 
; ..tionship; .(mutualism* commensal ism or parasitism) between nectar, feeding insects 
and their bacterial flora, attempts will* however, be"made* on the basis of the 
frequency; with which a particular bacterial , species, occurred* to assess the 
■ possibility of -that -bacterium being a symbiotic micro-organism (basal or supple­
mentary flora) or non-s*/mbiotic micro-organism (transient flora or fortuitous 
contaminants) and also to suggest the possible significance of the presence of 
that bacterium on or in the body of the insects. It may be pointed out that 
whereas it is relatively simple to demonstrate micro-organisms on the surface or 
in the body of an insect* it is another matter to demonstrate any
physiological'-beliefits or • dependence on the part of micro-orgaiiisss or insects# ■ 
Usually: if an, investigator' finds ' that' a micro-organism is universally present 
in an- insect, species, h© .interprets .this to- be an indication of a  mutually 
dependent symbiosis# 'Thus touch of the.-literature on symbiosis. implies mutualism
■ without .rigorous proof (Brooks, 1953 a)* .
External flora- .■' .
The bacteria found on.the .externa! surfaces of insecte -are believed to..be, - 
'for ’the most part, adventitious (Steinhans, 1946)s. - they m y  therefor© bp-- 
-expected to" reflect their hostfs' iEBie&isie past visit to .places such m, the ’ 
breeding site, feeding habitat, or rearing chamber* Hying,insects with brash-
■ like appendages or sticky footpads - may more readily shelter and transport 
"organisms which they, .contact in .their movements#- - Snteraaily-barboured micro-*, 
orginisms ■ are much more numerous and varied than those present on the external \
.Surfaces (Brooks,..1953 a)* this maybe' because the moisture and food;factors'’ 
provided-by internal environments'.of insects would undoubtedly be more favourable 
for the growth, of a larger.number of mioro-organisias than those provided by the 
dry or oily cuticle# Hies and.cockroaches are except tones they'.carry a-'. '
.large ana varied external' flora .gathered during visits to a wide range of food 
sources - (Brooks, 19.63 a)* - It is significant that' honey bees," though admirably: 
©quipped with-brushes and baskets for carrying pollen, visit, in -the main,
sites which are less rich .sources of bacteria, and consequently have relatively 
few bacteria on their external surfaces: White (1908) foupd only thrco bacterial 
species (which he called Bacillus A , Bacterium c.yaneus, and llicrococcus C) on 
adult honey boos from noma! apiaries# As far as the quantitative and qualitative 
variation''In external and internal microflorn is concerned, the present studios 
on neotar feeding insects (including bumble bees) largely"support the previous- -
ones made on'other';insects, in that a.greater variety of bacteria was isolated ' 
from tissues (head, body cm* alimentary tract) than from external surfaces® / The 
: -external, surfh.ee flans, m s  studied during' the,General Survey only and consisted, 
in the various insect species examined, of Bacillus esreus var. mycoides,
B. hubtilis® Staphylococcus egidemldls". Microooccus luteus and other unidenti- 
fled; Micrococcus species, Mima polymer pirn .var,. oxydans and ■ * Chrmobacterium 
ty phif lavumr. The .internal flora consisted of *Bacterium: eurydicetK\ Hlcrocoecus 
/ species., (unidentified), . group '0 .-streptococci, Nocardia: species (restricted., to 
the mining bee), *Chr. typliiflavu.m^ : ErwmiM species, Enterdbauter liquefaciens '
■ and a" group- of unidentified organisms^ of -the family Enterobac ter lace ae closely 
related to the genera Oitrobacter' and Snterobncter ® ^ It-should be-recalled that,
. v/ith a few excjeptioiis, . each of the bacterial species listed above ^ represents one 
dendrogram defined group, usually consisting of several strains* : The number of .. 
sx:ecies;:might be increased.if'one identified each ©train'.of the group'since- 
acme''groups oontaiBed;a'^ical-'!me^ers.;;. / -
It is interesting that the surface flora consisted mostly of Oram-positive 
bacteria whereas the tissue flora was found to comprise mainly Graia-neg&tive 
-strains. "Purtherrndre, each bacterial species, with the exception-'of unideatifie'd 
Micrococcus species and.c Chr* tyrliif lavum* : - was .M-MP usually isolated either -from 
the body surface or from the tissue but not from both. It is thus evident that' 
the. surface flora of nectar, feeding-', insects is different from timt present-"iny 
the inside of the body. Another interesting point is that the surface flora con­
sisted mainly of those aerobic bacteria (e.g. B. cereus var. nycoides, B* subti- 
lis, Staph, cpidcrmidis, M. luteus and other Micrococcus species) which are 
widely distributed in nature including air and soil, and which have the ability
■ to tolerate a wide range of environmental conditions including the temperature 
..and humidity of the atmosphere. and the amount of. light to which they
Organisms restricted to bumble bees..
: areexposed* \2ndee&»' tem-positive cell© (which are known to to?© thicker'-; . 
walls than Gram-negative colls) am  usmlly more rasletant' -to drying tlmn:;
- Gram-negative colls* and - probably due to this the non-sparing bacteria-isolated. 
from the' air are usually Gram-poeitive ■ cocci (Brock* %$G6)« The rosist&ac©,
■ of staphylococci to . drying is well-substantiated and may ho a factor In the ' 
prevalence, of .hospital .infections .due to' this organiss* Bacillus egp*t- on the .
,: other hand*' survive the detrimental-effects of tho environment because of ifcoir' 
.-ability to produce ©ndospores* , -It is: hardly, surprising "to find these micro- • 
organisms .m the ..surface of insects which my; exist, under; many climatic •
- conditions: including cold* warm* -moist and .arid environments*. To possess tho.; . 
virtue'of tolomtittg and. surviving a wider thermal and humidity, range would be*. -/ ; 
probably the greatest advantage to such 'external flora* ■.
Since'.the main'activities of nectar feeding insects'involve. movement 
between' their nests * which are built above or below ground* and flowers* the - 
occurrence of air.and soil flora on thsir body surface seems-quite natural*- 
. These insects may acquire soil-flora while visiting nests and may also be 
contaminated by aerial bacteria* or by .the organisms which occur in dust 
•particles or. water droplets present;on the flowers* which th©; insects-visit*-'. -At 
'.this point one might ask why.were .the other bacteria which arc also normally. '
. present.in the air and dust; (e*g* aosocoeoi)' and on flowers (e*g* streptococci)
; not found to occur; on' the. body surface of. the nectar feeding insects*-. Despite 
the fact that, none of the air or coil bacteria is known to show a structural 
or-physiological-adaptation such as production of ctallc or clime for attachment 
to its-hoot* and'apparently all have tho ability to adhere to a wide range of 
. plant and animal forma* an element: of specificity in tho attachment must bo 
suspected* if this -Is tho ease* then the bacteria may perhaps gain some .
■ advantage§- such as dispersal9. from,occurring .on the dry and ekitlnous body
surface which* as a culture medium* is sc tmfavoiirablo* It is very -eignifleant 
- that the Bacillus species which were ■ usually found on -the'.external- surfaces of.. ' ■ 
.' th®.nectar feeding'insects are known to bo “potential pathogens*1 of insects#.-; 
For '.esample* Masera (1936) reported the ocourrenco of- septicaemia• mon% larvae' 
of the mealworm (Tene.hrio moliter)’ by a strain of B® eubtilis# Only ' slight 7 
' pathogenicity was observed when the organism. m s ' iagDhte'd# Cameron (1934)" found
■ B# tayooittes (B* cereus var*'-mycoides) to M. extremely virulent for tk. ms- , ■
. (Galleria mellbnella). larvae* killing- in 12 to 24 hours#” ■
r The .tern •“potential pathogens'*1*- ■ according to Stelshauis (1959)
Bucher (i960) indicate* when used in insect microbiology* bacteria that produce 
a fatal .-eetticaeala 'when; ej^erlmentally inooiilated in-small doses into tho 
' haemoGoele but which are not actively invasive and do not flourish or multiply ' 
significantly in the ..git of insects* • fHaa~pathog8ni.c bacteria are unable to 
multiply, in the hacmoeoclc end they disappear from ihe.haemooo©!® if introduced* 
potential .pathogens-gvo;r readily on artificial. media* - attack- .a wide range of 
host®* are not associated'with specific diseases' of 'insects* and thus differ 
; from'.tho obligate. pathogens, which-are. found in nature only associated with a 
specifio Insect;-disease and which have a narrow host range* usually limited to V 
; a single species or closely related groups of species# Potential pathogens - 
differ, from the facultative cnee, in being unable' to multiply 'significantly in 
-.the gat • .of ’most'.insects* • (Bucher* 1960)# A thcrou^r study of the common' - 
-properties, of the potential pathogens'of grasshoppers made by Bucher (i960) ,
■• revealed that all 'the-.pathogens of this category were motile reds which 
produced optimum growth under aerobic conditions at temperatures between 2G°C 
and 35°C* grew in media that provided simple sources of carbon and nitrogen*
■ fermented'simple sugars* and reduced nitrates to- nitrites® "With the exception . 
of Proteus rottgarlg all tho potential .-paihogsms liquefied gelatin- and' hydrolysed
casein* tests casssohiy. ua&fk to' indicate proie&lytic activity of micro-or^nlsms# 
Although Bucfcor jpound.lt difficult to conceive how pome of the.properties 
shown "by potential pathogens could he:£Usefiils (i#c# of survival value)* h®
'was 'convinced that -the rapid production of proteolytic cnsynos and -the, aerobic . 
mode of growth m v o  certainly- of .sigadtfldanco? ■ be did not study • chitimss# 
rPbat proteolytic activity would be of some immediate nutritional - value to these 
pathogens is evident from -the fact that the most obvious result of ■ septicaemia 
in diseased insects is the destruction of .tissue and the liquefaction of 
proteins?. ■ one of the early, signs of infection isthe inactivation and degradation 
'..of phagocyfcic'cells of the blood which m y  perhaps be attributable' in part to..- 
. toxic: proteolytic enssysies* -.fhe. aerobic requirements* which probably restrict 
tho multiplication of potential pathogens in the relatively anaerobic conditions . 
of. the gut* t!ti$rfc .-nevertheless enable, the organisms to multiply in the oxygenated 
blood of insects* - - ,. >•
Bacillus speciesft It- is.of -interest to. note’ that the "-Bacillus• spp* isolated .
. from the body surface of; nectar feeding insects possessed all the laboratory
properties which - Bucher found to bo • common in the potential pathogens of : .
/
.hoppers# Bacillus spp# were virtually absent from, the .'tissues - (luclMing gut). _ 
of the insects examined* ■in spite ;cfgseveral possible routes by which they might- _ 
'have entered, the body# For .example * ■eoatasiimt ion with- Bacillus ®pp* might - 
.occur during'feedings .the bacteria- of - th© body surface could be collected* 
along with the pollen attached on the surface * by the pollen brush into the 
pollen basket* Another opportunity for contamination exists during visits to 
the nests* sines tho organisms are commonly present in tho soil# Finally 
contamination might ogcut during building of the comb* because these micro­
organisms were-found to bo common in honoyCcomb material in tho present study# 
Ali/ihts - suggests 'that although:Bacillus spp»qaro probably frequently taken, into 
-tho alimentary tract* .theymy bo unable to. survive therein* If this >is •
so* then it is possible that Bacillus gpp* may be potential pathogens' of other 
. insects and that'.nectar feeding insects provide a means of dispersal*'.;.It may be 
.pointed out-that the absence .of those micro-organisms from the haemoeoele of 
the insect 'specimens examined would be of no help in determining whether-'or not 
the organisms were potential pathogens of those insects* It may be that the' 
failure; of these bacteria to multiply in the gut .-of neotar. feeding insects' 
-seriously limits their ability to invade tho .feaezBGCoele and-that if* by any . 
moans* they could reach the gut in '.vast; numbers * thoy-might 'damage the gut. 
epithelium by liberating sufficient quantity of toxins or ©nsyaesj - invade the 
:haesocoslef and cause lethal., septicaemia# % h &  Bacillus subtilie strain.isolated 
"in the present study was .found to produce the ensyme chitinase:and ouch , orgpnies 
might in addition W -  able to. invade tho .h&emocoelo through the ';ehltihous 
epidermis*
•Micaroooo'cus - species* Unlike Bacillus opp. mierobocoi - were irregularly distri­
buted between body'surface, and'the tissues* It say be recalled that the 
dendrogram defined group XX of the General Survey was morphologically hetero­
geneous consisting of 15 Gram-negative rods* 2 Cram-positive (including one 
Grata-variable) rods* and.18, Gram-positive or -Oras-variable cocci* Of the 18 ■ 
cocci, 7 were from the surface of mining bees and hover flies and . these 
included 4 strains producing yellow colonies on nutrient the remaining .
11 were obtained mostly from the tissues (head, body or alimentary tracts) of ' 
bumble bees and mining bees* fhe type strain (no. 55) producing a yellow 
colonyyon nutrient agar was isolated from the surface of a  mining bee and was 
identified as Micrococcus luteus. ’These results indicate that M.luteus occurred 
on the surface only of mining boss and hover flies whereas the non-pigmented 
micrococci wore present mostly in tissues* As micro cocci are vddely distributed 
in nature (Wilson and Miles, 1964) it is natural that they should b© found 011 
the surface or even in th© .tissues of nectar feeding insects. The occurrence of. 
II* luteus exclusively on the surface of mining bees and hover flies may be due
to its occurring only on florers which are visited by these insects, but not 
by bumble bees# Alternatively it nay bo that the body surface of insects is to 
some extent selective in its power of collecting micro-organisms, and that some 
difference of electrical charge may explain the adhesion of H. lutouo to the 
cuticle of mining bees and hover flies, but not to the surface of humble bees.
The frequent occurrence of non-pi gnented micrococci in the tissues of mining 
bees and bumble bees will be discussed later#
Staphylococcus epidermidis# Only three isolates of Staph, eplderaidis were 
obtained and they all came from the surface of the same specimen!of the bumble 
bee# This suggests that staphylococci are not the usual residents of the external 
surface of nectar feeding insects and their presence is very likely a result of 
contamination of the insect specimen by the collector.
Among <&aaMQ£gative bacteria, Mima' ■•polyaorpba var* oxydans and 1Chrome- ' 
bacterium t yphiflavum* were the only, species found on‘the-surface.
Him polymorpha var. cBcydatm.- Steins of Mima polyiaorpha are commonly found on / . 
; the healthy human body surface, orf pathologically in;-vaginal-and urethral- 
''discharges,;-in wounds, and occasionally in the cerebrospinal .fluid ;or the. blood 
(Wilson and Miles,: 1964)® Henrikeen (1963) has equated Him polyaorpha vary 
oacydans with- Koraxella nonliQUefaciens which fee isolated. by Kafffca' (1955) f*om 
the sputum of a woman suffering from broncho-pneumonia and from the throat of 
two normal persons and, by Henrikeen (1958) from 11*3 per cant, of 875 cultures 
made from the nose of patients attending an ear, none, and throat clinic at 
Oslo. Beroncsi and JlMssdfos 7 (l$60) also found this organism in 23 per cent# of 
secretions collected during bronchoscopy ’-from 91 patients with bronchiectasis. 
Although the members of the genus Horaxolla are generally considered to. have a
''.'saprophytic .existence -in the '{^ strciniestiiml9 genital and respiratory tracts, •.
' and on skin of man, and they-occur in..apparently normal body specimens inoluding 
urine, sputum, nose and throat, conjunctivas, vagina, urethra and body fluids 
(Gilordi* 1967), they* have also been-Isolated-'from'-sources other: thahith©' 
human body, including swimming-pool water - (Aiken et. al. 3 1956) , river .water : 
(Kenner and Kabler, 1956), river sludge (lenantaucl and Brieou, 1958), soil and fr< 
fapathoidgical materials in animals .(Lindberg and Mosoht&es, 1962). Against, 
the background of these findings the occurrence of Mima polymorpha var. osydans 
on the surface of insects does not seem-unduly surprising* It is.possible that 
further studies might indicate a ubiquitous existence of this organism similar 
to th© miorococci and molds*. "At present• it is impossible'. to:'My whether’ the 
organism: ie a contaminant or a true member of the- insects' bacterial normal flora.
* Chromobacteriua typhiflavumL ■ This organism was isolated from both external - 
, ■ surfaces and - alimentary ^ tracts' of the bumble bee only* A possible explanation 
for its occurrence in a single. group of'insects will b© given later*
Internal' flora ■ ■ ■:
Buchner (1953) has given a detailed and well-documented account of the- 
..anatomical -.structures,which house micro-organisms in-'the body of insects and 
of the elaborate mechanisms for transmitting-symbiotic micro-or^nisms to 'the ' 
offspring* The ‘-micro-organisms may be extracellular .in any .duct or, passage,, . ; 
for example, genital apertures, eyes, spix*ac!es, tracheae, alimentary tract, 
Malpighian tubules or gonads, or they may bo intracellular inhabitants of the 
cells forming these structures or of special cells of the fat body* Although 
it is generally agreed that feeding habits and external environmental conditions - 
determine initially which micro-organisms are available for infection, there may 
be ..a umber of special., conditions and physiological factors that decide which 
organisms shall flourish and which shall be suppressed or eliminated from the . .
inside :6f-'the" body* ' The gut "flora of any insect must consist of those species 
V which':are well adapted for persistence and multiplication in the gut of the host# 
Factors that limit the number of bacteria in tho gut are not known hut might 
well" include spbopiinmm conditions of nutrition, non- optimal pB or - tension,', 
or inhibition by secretions of the gastric cells# Shrlvasiava (1965) found that 
an increase in the feeding rate supported a higher number of bacteria' in the 
Intestine of the' flatfish,'himanda Uganda# and■'later '-Shrivastava and Floodgate.
. (1966) gave evidence, that the feeding rate depended upon seasonal factors 
including the number of hours of daylight and the surface water temperature# 
Correlation between the feeding rate of the host and its bacterial^  intestinal ' 
load is likely to be -found "in the Ms© of other host species whose feeding rate 
changes according to' the season or to the availability of food materials. This 
correlation can be explained as follows (Shrivastava, 1965)® The rate of 
\ elimination of faecal matter will; partly depend upon the feeding rate? ■ a high 
^/ intake leading to a quick output# A particular mass of food, after entering 
■ .. the intestine will tend to remain there for a short time If the -feeding rate is 
/ high and for a comparatively longer period if the feeding rate is low# When the 
' feeding rate is low, the aerobic bacteria will be exposed to the anaerobic : 
conditions of the intestine for a-longer period which may kill .them, or at least 
restrict their multiplication# Alternatively the action of the digestive 
- - ensyraes may have detrimental effects'on the micro-organisms*' In. contrast, the, - 
bacteria' entering into the- gut. -when the feeding rat© is very high will tak© less 
tikie.to pass, said, moreover, the conditions may/be. more aerobic, than when the 
feeding rate is low# Hence the micro-organisms may survive the adverse conditions 
and may even be able to multiply in the gut#
: One of 'the factors most likely to operate in regulating tho fate of 
intestinal organisms,, is#the anatomy of the gut# Many examples are cited by 
Stoinkaus (1946, 1949) which may .be summarised as follows. A straight-tubs
typ© of gut is likely to possess only adventitious and saprophytic micro—
: organisms whereas: in a complex type of. gut- with, pouches,' sacs, caeca, diverticula, 
or folds, the food material as wellAas the pH varies from region to region, and 
there is a greater variety of micro-organisms, including some which are quite 
peculiar / and characteristic* ■;■■■■
..“•’..•'■'-It is interesting that, during the' General Survey, hover flies yielded a 
■...strikingly'smaller number ;ana variety of bacteria. *»«d' yw%ttr, than' did the mining;, 
bee or buablb bee ''(Tables'.4* '6 :&nd-?}* The-food' of adult, hover flies consists .: 
of both" nectar and;pollan'whereas adult bees usually take nectar only* Further-':, 
more, the larvae "of almost all. the hover flies examined -in/the present work. .'
(©•g*'-Syrphus -spp*.and'Heiahoetbaa scalar©)' are' carnivorous, livingpredaclouoly 
upon aphids and the nymphs -of other Homoptera whereas the larvae of bees usually 
'feed, upon pollen mixed with honey i»e«, more-or less the same food as the 
adults* One would, therefore,'expect moi’e-varied micro-organisms from, hover ., 
.flies than from bees since the .former have a better chance'.of deriving some 
organisms from pollen and from their carnivorous larvae- than the latter* It is 
notable that bees have more elaborate and developed Malpighian tubules and 
salivary glands than hover flies and it■is.possible ‘that this, difference in 
. the internal anatomy might be. the reason for the • quite marked' difference between 
■■.the microbial -.population- of' the two groups: of- insects*-".There might be, of 
course, locally.differentiated flora correlated with'the micro-environment of 
histochemically differentiated cells, as found in blow fly larvae (Waterhouse,
1955)«
The Gram-positive bacteria found in the tissues of nectar feeding insects 
were * Bacterium eury&ie©*, non-pigaentod micro oocoi, group B streptococci and 
Hocardia specie's*
• *Bacterium eurydice* * Apparently no study has been made of the taxonomic. • 
affinities of 9Bact* eurydice* and an argument for placing it in the genus 
Lactobacillus will "be -given later# The -.organism isi known to ho usually abundant 
in honey bee larvae 'affected with Buropean.foul'brood :(B#F#B#) .disease'. (White, 
1920| Bailey, 1960)# Partly because of its uncertain taxonomic position end 
partly because of its role In the. production-., of £#F#3»:'-disease,- the isolation 
of 8Bao t» eurydic€?~like organisms from bumble bees was one of the main purposes 
of the Special survey* An attempt ms. also' made to investigate the laboratory 
-"properties of the .isolates, which formed-’Group B# - The systems of -E*F#B» and 
; the different views on the "aetiology of. this disease have been' susmrisod'- by;' 
Steinhaus. (194Q) • The most recent view .regarding the-production of B*F«B* is 
that of Bailey (1957$ who presented evidence that ■ a -mixture of Streptococcus 
pluton and "Ba'ct* eurydice* might bo the cause of the disease and later (1959 &,B) 
laid greater-emphasis, on Str* pluton as’ being the primary cause# The disease . 
can be produced by spraying the brood with a mixture of pure cultures of the 
above two bacteria but not by '©praying with - *Baote eurydice1 alone and only 
' rarely with Str#;, pluton alone; in the latter case, it might be that the larvae 
were .already naturally infected with *Bact; eurydice** The modes, of. action and ; 
the interaction of the two bacteria are not well understood# When Str# pluton 
is fed to larvae-free of *Baoi« eurydice8g' It disappear© from the gut after '- 
producing rodlike involution forms; similar to those produced in artificial - 
aerobic culture* ,ffbis suggests that the gut is insufficiently anaerobic to 
allow the development of Str* pluton and that one role of •Bact. eurydice9 is 
to produce anaerobic conditions in the gut# The extent to which VBact* eurydice* 
can multiply in the 3arval gut without Str* pluton has not been investigated, 
nor has its infective dose*’ (Bucher, 1963)*
-.-■■To Bailey (19S3) the alimentary canal of -adult bees* especially the 
anterior end* -seemed,to- W-;the only survival place for ’Bact* Siuryflioe*9 which 
did not -persist In "rectal., contents of adult bees* stored honey or pollen* or 
-larval faeces* :J\srihor>he found the newly emerged'been*'and also flowers, 
recently visited by infected bees to be free from ,the organisms It thus'seemed 
to have no ether natural means of survival* Bailey thought that the organism 
was transmitted between adults by-contact' of the -mouth parts and that larvae* ■ 
lionoy and pollen were probably infected "with the bacteria from the mouth -parts 
of adults* Probably -’Baof « eurydice9 receives the nutritional retirements* 
other than' carbohydrate* '.from .-the 'saliva of the be©* because largo infections, 
were maintained in caged bees• given only solid carbohydrate as food (Bailey* ■. , 
1963)?' bees, discharg© saliva‘onto such solid food to dissolve it (Simpson* I960). 
The■'o'*c*nj.im  almost.disappeared when boos were given liquid food (sucrose solution 
or,honey)* per laps because little saliva was then produced (Bailey* 19&3)*
’The chemical composition of the saliva of social bees may be different from that 
of other nectar feeding insects and this difference might account for the 
absence of ’Bact. eurydice1 from the mining bee and hover flies* If so* then it 
would be evidence in support of the .previously suggested possibility, that there 
.may ha locally differentiated flora correlated with the mioro<-environm©nt of;
-histochbsdcally; differentiated cells®
■ As far as. the .'habitat of * Ba ct» eurydice * Is concerned* the results of ■
the. present work support Bailey’s findings*: since tbs trixcai ^ -.organisms' •
(Dendrograni group III, see fig, 28 and Sable 34-) wcxc isolated- 
mostly from head tissues (probably from the anterior end of the alimentary
canal), less frequently from x’egicn of the alimentary tract lying below the
head region* and only very rarely from flowers. The frequent occurrence of
’Bact* eurydice’ in bees, according to the usual interpretation by insect---- w
microbiologists* is an indication of a mutually dependent symbiotic relation-** ,■ 
ship between the bee a nil U o organism. The nature of the symbiotic - relation- 
ship between boas and ’Laot. eurydtcQt in the complete absence of Sir, pluton
’ re quires further investigation. --..■
Kicrocoosus speotc-s. It has ^  Ire*1 dy boon stated tint Hicrooooous luteus was _ ■ 
found on - the' surface only.of mining bees.and hover flies whereas non-p&ipented - 
;micrococci were isolated mostly from the'-tissues of mining bees;and bumble bees*: 
-Several' MjcrooocQns spp. have been isolated.'from the alimentary'canal of insects; 
for instance* :fK» ephesiia©1 from the "flour moths .Igphestla kUbn'iella. (Mattes9 .
■ 192?) # M« flavus from the house fly* Musca domestloa (Torrey> 1912)*
- *11 * ibtbflavus1 and M. Freudonrelchii from a grylloblatt'ldf Qrylloblatta 
caiapodelformiB canpodciformis (Burroughss 1941)» *K» 'nonfermentans* from the ■ 
lyrernn' cicada* Tibicen linnolt $B« oohraceus* from - the imperial moth* -Eaoles'. 
imperial is and the - nine-spotted-lady beetle* Cocoinolla vnovemnotata (Sieinbmsj 
1941) • M« freudenroichli ms ■ isolated also. from the larva' of . the hagworm* • 
Thyridopteryz ephemera'eformls by Sfeinkius (1941) who found the organism to be 
part of the bacterial flora of tho alimentary canal® As. previously'pointed out* 
mlcrococci are -widely distributed in nature including soil and it is hardly 
surprising to find them on .tha surfaces or in the tissues of-insects® . However*. 
the Sequent occurrence ofnon-pigasntod micrococci in the tissues but not on 
the surface suggests that .these' organisms '....may not be derived' from the soil® '
On© might speculate that the source of non-pigmented micrococci could be the 
bottom (which contains the nectar) of the tube-shaped flowers such as larkspur 
and snapdragon* which are reached by bees* but not by skort-fongued flies like 
hover flies. This would explain tho virtual absence of non-pigraented micrococci 
from hovor flies and its frequent presence in the tissues of mining bees and 
bumble bees. 'A study of tho incidence of tbs organisms on flowers would be 
needed to - substantiate this suggestion. It is very difficult to tell ’whether 
■.or not non-pignentcd miorococci -form part of the .normal bacterial' flora of the 
:gut of beess it is possible that the organisms are reasonably adapted for
persistence -and probably also for multiplication in the gat®
Streptococcus species® Little Is'kttowh'about the natural.occurrenca of strepto­
cocci in or on insects. Steinhaus (1941) recovered Streptococcus faecalis from .: 
the alimentary: tracts of '• the German - roach (Blattolla goraanica) $ • bagwona 
(Thyridopt eryx ephemeraeformis) * lyrcsan .cicada (Tibiccn linnoi) * and webworm' 
(ityphanirla eunea)* .Brows (1928) obtained streptococci from tho digestive 
. tracts of presumably healthy honey bees (Apis tnelllfora)* Recently Eaves and : ' 
Mundt (l960)f in a study of the distribution of streptococci among 26 species - 
of adult .insects (including, honey bees* bumble bees* and mining bees) associated ' 
with plants in. various ways* found such a’random distribution, that they con- - 
. .eluded that - tho micro-o*ran Isms were present ..only:as a result" of circumstantial ’ 
contact® Although* in the present study* th© number of insect species and the 
number-of specimens m m  limited* a similar random distribution was recorded*
For example* during the;General Survey 4 non-hoemolyfcic strains -of Str* faecalis- 
like organism-, were obtained -(sec dendrogram defined group-XXX) t --^ hese consisted 
of 2 isolates from the tissues of the single specimen of blow fly (included 
for interest)* 1 from the alimentary tract of the bumble bee* and the remaining 
If rots-the? body surface’ of a; mining bee® . The lack of any pattern in distribution 
• and;- the ’ random occurrence - of the computer group III streptococci (probably 
serological group B)''-suggest -that they arc not - usual ■ residents of nectar feeding" 
insects* ‘but. that .-they are derived in'-some random manner from the environment*
Two isolates of Bocarflia species wore obtained from the body
tissues of the same spooimentof tho mining boo (see dendrogram defined group XII 
of the General Survey)? they were later found'to be exactly similar* The 
organism may have been acquired during feeding®
With ho. exception®.all of the 0ram~noga tivc:-' bacteria isolated fs*osi-,tho 
tissues of nectar feeding insects appeared to he a&mbers of the family .
Eni? erobae t criaceao«~ Many authors including Eaufftoann ct® .gI* {19^6)5 'and Buoher, / 
and Stephens (1953) consider this, family to consist of a''continuous’ series of 
"interrelated'-types that are not readily divisible into distinct tribes or genera 
but that can.be grouped®-on the basis of 'biochemical reactions ® into centres-. - 
. of- related ’strains* - They -prefer to cl ucap these bacteria into Groups* 9 
5Subgroups1' and 5Types* rather than into, genera and species® ' According to .
' such usage® the members of the Bnterobacteriaccao isolated during the present 
study can be placed, into two 1 Groups* ® Citrcbaoter-Enterobacter Group and;. 
Erwlnla Group® :
Citrobaotor^Enterobacter Croup® The'strains of Eaterobabter liqucfaoieno .; 
(isolated isostly., from--the alimentary tract of bumble bees) and a group of 
unidentified organisms (restricted to bumb*5 ^ beesi mostly from, alimentary tracts) 
'intermediate between Citrobacter:.and Eaterohacter belonged to this * Group*®
White (1906) isolated * Bacillus cloacae* presumably Bnfrerobacter cloacae) from 
the intestine of the healthyhoneybee' and Hicoll (1911) from the alimentary 
tract -of the house fly®- During-a -survey of the mtwml bacterial flora of-30 : 
species, of insects® ■ Steinhaus ..-(1941) found bacteria of the .But® cloacae type •.
■■in the alimentary tracts of. the Oermn: roach' (Blattalla germnica) ® cabbage 
butterfly (Picric ragao) $ and two species of. blister beetles : (Epicauta 'psahr 
. sylvahloa-and. E* cinerea marginata)® It seems reasonable to regard organisms of 
the Cltrobacter~Pntcrobnctor Group an part of the characteristic flora of the 
alimentary tract of bumble bees® It is possible that bees acquire these 
organisms (along with others) during the very early stages of their life by 
contamination from the environment and that the infection is. maintained into 
adult life®
Bpwinia, Group® fhe Erwlnis- Grout) of -isolates consisted of two unidentified - 
-@eoups ,of -organisms* and the - 35- strains .of 1 Chr* typhiflavum* (tho suggestion -
-.to name it Brwinia-typhiflavum slll.'be given later)®’ One of the two unidentl- 
fled - '’groups - was - isolated mainly from - tie inside; (usually aliiaentary’ tracts)' -./A
of'■‘bumble bees and was found to resemble very -closely the £in?inia~llk© organisms ' 
of Billing and Baker (19^3) isolated from plant usterial (primarily pome fruit)* • 
-Members of this' group formed "the ..dendrogram defined •. group VX "of the CtanwaV Sarv.'. 
Survey*- Another unidentified /group of organisms were also obtained® along with 
*Ciar» typhiflayua*mostly fmm the.'-'itiside ’ (usuallyAlimentary ■ tracts) - of bumble' ■ 
bees during the Special Survey when, head tisanes and alimentary tracts of only 
• the’bumble bee ware emained’ together with ease flowers® Members of this ■ 
group -appeared to'bo closely related to' H&winia trachoiphila wldbh neither 
reduces-nitrates nor liquefies gelatin*’ It may be mentioned that it m s  not 
possible --to ■ determine with certainty ib© identity of these two -mbnotm. groups 
of organisms because no comprehensive i&mmsdo, study of .the'genus .Brwlnia* • 
which .-might enable the taxonomist to identify -atypical members of the genus;. 
without recourse to plant pathogenicity tests® has apparently been published*
The identified member of the Brwinia Group was •Qlir* typMflavum* which® 
during the General Survey® m s  .repeatedly Isolated both -from -surfaces and tissues 
of bumble bees only* Partly because of its uncertain taxonomic position and 
partly'because,of its occurrence in bumble boes alone® the isolation of *Chr* 
typhiflavum* from tissues (during the Special Survey) and the characterisation 
of its strains were among the main purposes of the present v;ork* Strains of 
*Chr« typhiflavum* were isolated also from different flowers (Dahlia cultivars® 
Aster speciocf Tropaeoluia ma.lus® Sedum species and Veronica species)«
A  f e w  i n s e c t s  a r e  k n o w n  t o  p r o v i d e  a  m e a n s  o f  d i s p e r s a l  f o r  c e r t a i n  
E r w i n i a  s p e c i e s *  B o r  e x a m p l e *  t h e  c a b b a g e  r n g g o t s  ( H y l c m y a  t e a s s i c a e *
Etaohiptora © o s t a t a , Seaptomyga g r a m l n u m , F h o r b i a  f u o c i e o p s )  have., b e e n  i n e r i m i -  . 
n o t e d  i n  t h e  s p r e a d  of s o f t  r o t ®  a n d  S »  gpamlnua,. E» oostata*. a n d  L . y g a s  p r a t e n s t s  
( t h e  t a r n i s h e d  p l a n t  but) h a v e  b e e n  f o u n d  t o  b e  v e c t o r s  o f  h e a r t  r o t  o f  c e l e r y  
( b e a c h ®  192?)* B o t h  s o f t  r o t  a n d  h e a r t  r o t  d i s e a s e s  a r e  c a u s e d  b y  E r w i n i a  
c a r o t o v o r a *  I n  v i e w  of t h e  i s o l a t i o n ®  i n  t h o  p r e s e n t  w o r k ®  o f  o r g a n i s m s  
r e s e m b l i n g  E g *  t r a c h e i p h i l a  w h i c h  c a u s e s  a  w i l t  o f  c u c u m b e r s *  c a n t a l o u p e s ®  
music m e l o n s ,  p u m p k i n s  a n d  iquaehee, i t  i s  o f  i n t e r e s t  t o  n o t e  t h o  e a r l y  eu|&os*loi 
t i o n  o f  S m i t h  (1893) t h a t  i n s e c t s ,  e s p e c i a l l y  t h e  s t r i p e d  c u c u m b e r  b e e t l e  (331a- 
brotloa v i t t a t a ) raight b e  r e s p o n s i b l e  f o r  t h e  s p r e a d  o f  s u c h  d i s e a s e s *  L a t e r  
B a n d  (1915) o b t a i n e d  e x p e r i m e n t a l  e v i d e n c e  i n c r i m i n a t i n g  t h e  t w e l v e - s p o t t e d  
c u c u m b e r  b e e t l e  ( D i a b r o t i c a  duodocimpunctata) * T h e s e  t w o  b e e t l e s  a r e  t h o  o n l y  
k n o w n  v e c t o r s  o f  t h e  d i s e a s e  b y  n a t u r a l  m e a n s  (Stoinfcaus, 1 9 4 6 ) *  B a n d  a n d  C a s h  
(1920) h a v e  s h o w n  t h a t  t h e  o r g a n i s m  m a y  o v e r w i n t e r  i n  t h e  d i g e s t i v e  s y s t e m  o f  
t h e  s t r i p e d  c u c u m b e r  B o o t l e  ( D *  v i t t a t a )# I n  f a c t ,  no-'other m e t h o d  © f  s u r v i v a l  
o f  E r *  t r a o h e i p h i l a  i n  n a t u r e  i s  k n o w n  ( S t e i n h a u s ,  1946)* T h e r e  i s  o f  c o u r s e  
n o  s u g g e s t i o n  t h a t  t h e  B r w i n i a - l U c e  o r g a n i s m s  ( i n c l u d i n g  t h o s e  r e s e m b l i n g  
E r *  t r a o h e i p h i l a )  i s o l a t e d  i n  t h e  p r e s e n t  s t u d y  c a u s e  a n y  p l a n t  d i s e a s e  b u t  
i t  i s  l i k e l y  t h a t  i n s e c t s ,  i n c l u d i n g  b u m b l e  b e e s ,  m a y  b e  t h o  a g e n t s  b y  w h i c h  
E r w i n i a  s p e c i e s  a r e  p o s s i b l y  t r a n s f e r r e d  f r o m  p l a n t  t o  p l a n t *
fC h r *  t y p h i f l a v u m H s  i a i d  t o  b e  w i d e s p r e a d ,  © s p e c i a l l y  i n  a i r ,  d u c t  a n d  
o n  p l a n t s ,  a n d  m a y  a l s o  b e  i s o l a t e d  f r o m  a n i m a l  m a t e r i a l  p e r h a p s  a s  a  r e s u l t  o f  
c o n t a m i n a t i o n  f r o m  t h e  f o r m o r  s o u r c o s  ( C h u i c k s h a n k ,  1 9 3 5 ) *  D u r i n g  t h o  G e n e r a l  
S u r v e y ,  s t r a i n s  o f  t h i s  s p e c i e s  w e r e  o b t a i n e d  f r o m  t h e  s u r f a c e  a n d  t i s s u e s  o f  
b u m b l e  b e e s  o n l y ;  m i n i n g  b e e s  a n d  b o v o r  f l i e s  w e r o  f r e e  o f  t h e  o r g a n i s m #  S i n c o  
t h e s e  o r g a n i s m s  w e r e  a l s o  f o u n d  i n  c e r t a i n  f l o w e r s  (D a h l i a  c u l t i v a r e , ]  A s t e r  
s p e c i e s ,  T r o j m e o l u m  m a g u s , S e d u m  s p e c i e s  a n d  V e r o n i c a  s p e c i e s ) ,  i t  I s  v e r y "
. l i k e l y  t h a t  b u m b l e  b e e s  b e c o m e  c o n t a m i n a t e d  b y  t h e  f l o w e r s *  a n d  p e r h a p s  
v i c e  v e r s a *  --It r e m a i n s  t o  b e  explained w h y  t h o s e  m i c r o - o r g a n i s m s  w e r e  n o t  
i s o l a t e d  f r o m  m i n i n g  b e e s - o r  h o v e r  f l i e s  w h e n  t h e s e  i n s e c t s  a l s o  . v i s i t  t h o s e '  ’ 
flowore which-yielded t h e  micro-or^nisms' in • question* • The- answer 'may , b ©  t h a t  . 
t h e  o r g a n i s m  h a s  l e s s  t e n d e n c y  to. a d h e r e  t o  t h e  b o d y  surfaces o f  t h e s e  i n s e c t s ’' 
than t o  t h a t  o f  b u m b l e  b e e s *  p e r h a p s  - b e c a u s e  of s o m e  d i f f e r e n c e s  o f  e l e c t r i c a l  
c h a r g e s : i f  this-me s o , 'it w o u l d  . s e e s  likely'that b u m b l e  b e e s  . a c q u i r e  a  ■’ 
c o n t a m i n a t i o n  of t h e i r  b o d y  s u r f a c e  - w h i l s t  v i s i t i n g  f l o w e r s ,  a n d  t h a t  t h i s  
:contamination is. later -transferred t o  t h e  a l i m e n t a r y  t r a c t  d u r i n g  g r o o m i n g .
I t  - i s  w o r t h  m e n t i o n i n g  t h a t  a l l  t h e  3 5  s t r a i n s  o f  *C h r e  t ^ h i f l a v u a * .(including/ 
HCTC 9381) p r o d u c e d  m u c o i d  growth-on -honey'agar and'all o f  t h e m  s h o w e d  g o o d  
growth e v e s  i n  t h e  p r e s e n c e  -of’25 "'per c e n t ,  g l u c o s e ,  i n d i c a t i n g  t h a t  - t h e y  a r e  
osmophilio.orgmisms w h i c h  m a y  r e s i d e  a n d  e v e n  m u l t i p l y  i n  t h e  a l i m e n t a r y  
tract o f  b o o s .  v;
Immunity, and resistance in insects
I t  m a y  b e  p e r t i n e n t  t o  a d d  a  n o t e  o n  t h e  immunity o f  i n s e c t s ®  T h e  s t u d y  
o f  i m m u n i t y  i n  i n s e c t s  p r o c e e d e d - o n l y . n l o w l y  a n d : a p p e a r s '  s t i l l t o  b ©  a l m o s t  . 
u n e x p l o r e d ®  O n e  o f  t h e  e a r l y  w o r k e r s  o n  t h i s  s u b j e c t  w a s  l l e t a l n i k o v  ( 1 9 2 0 )  
w h o  a t t r i b u t e d ’t h e ' c h i e f  m e a n s  o f  d e f e n s e  i n  i n s e c t s  t o  p h a g o c y t o s i s  a n d  l a t e r  '- ; 
( 1 9 3 3 )  s t a t e d  t h a t  a c t i v e  i m m u n i s a t i o n  s t r e n g t h e n e d  c e l l u l a r  a c t i v i t y ®  P a i l l o t  
(1933) s t a t e d  t h a t  n a t u r a l . i m m u n i t y ,  w a s  p r o b a b l y  o f  a  d u a l  n a t u r e  a n d  d e p e n d e d  
o n  b o t h  h u m o r a l  a n d  c e l l u l a r  f a c t o r s *  I t  i s  h e r e  w o r t h  p o i n t i n g  o u t  t h a t  i n  
m a a m l i a n  i m m u n o l o g y  t o o ,  t h e  a c t i v i t y  o f  a n t i b o d i e s  a n d  p h a g o c y t i c  c e l l s  a r e  
c o m p l e m e n t a r y  i n  ■ c o n f e r r i n g  r e s i s t a n c e  a g a i n s t  i n f e c t i v e  a g e n t s . ’ O n e  r e c e n t  
s t u d y  o n  t h e  s u b j e c t  o f  i n s e c t  i m m u n i t y  i s  - t h a t  o f  K r i e g  ( 1 9 5 ? )  ^ 10, u s i n g  
p a p e r  e l e c t r o p h o r e s i s ,  f o u n d  n o  s e r u m  p r o t e i n s  c o m p a r a b l e  t o  g l o b u l i n
a n d  n o / b i n d i n g  o f  S t a p h y l o c o c c u s  a u r e u s  a n t i g e n  o n  a n y  p r o t e i n  i n  t h e  b l o o d  o f  
s e v e r a l  i n s e c t  s p e c i e s .  T h i s  d o e s  n o t  n e c e s s a r i l y  m e a n  a b s e n c e  o f  a n t i b o d y !  
i t  nay h a v e  b e e n  t h a t  a n t i b o d i e s  p r e s e n t . w e r e  a g a i n s t  .some- o r g a n i s m  o t h e r  t h a n  
S t a p h ,  a u r e u s *
C u s h i n g  a n d  C a m p b e l l  ( 1 9 5 7 )  t d i s c u s s i n g  issaunity,'ia '-•inverttbrates, p o i n t e d  
o u t  t h a t  t h ©  q u e s t i o n  o f  a n t i b o d y  p r o d u c t i o n  b y  i n v e r t e b r a t e s  n e e d e d  i n v e s t i -  
r a t  L o n s  i n  a  m o r e  s y s t e m a t i c  m a n n e r  t h a n  bad b e e n  p r e v i o u s l y  d o n e ,  b e f o r e  a n y  
d e f  i n i t e  c o n c l u s i o n  c o u l d  b e  g i v e n .  W h i l e  reviewing e x i s t i n g  i n f o r m a t i o n  o n  
i n s e c t  i m m u n i t y ,  S t e p h e n s  ( 1 9 6 3 )  o x p r e s e e d  a s i m i l a r  p o i n t  o f  view.
I f  s e e m s  u n l i k e l y  t h a t  c e r t a i n  f o r m s  o f  i n s e c t  c o u l d  e x i s t  i n  s u c h  i n t i ­
m a t e  a n d  s t a b l e  a s s o c i a t i o n s  w i t h  s y m b i o n t s  a n d  c o n t a m i n a n t s  u n l e s s  s o m e  k i n d  
o f  r e s i s t a n c e  o r  i m m u n i t y  m e c h a n i s m  w e r e  i n v o l v e d .  I t  i s  p r o b a b l y  n o t  m e r e  
c o i n c i d e n c e  t h a t  L o p i d o p t e r a ,  i n  w h i c h  t h e r e  i s  n o  e v i d e n c e  f o r  a  s y m b i o t i c  
f l o r a ,  a r e  t h e  m o s t  s u s c e p t i b l e  t o  c u r r e n t  m e t h o d s  o f  c o n t r o l  b y  p a t h o g e n i c  
b a c t e r i a  a n d  v i r u s e s .  F u r t h e r m o r e ,  t h e  a b i l i t y  o f  f l y  l a r v a e ,  c o c k r o a c h e s ,  a n d  
o t h e r  f i l t h - b r e e d i n g  i n s e c t s  t o  r e m a i n  u n h a r t a e d  a f t e r  c o n s u m i n g  h u g e  q u a n t i t i e s
o f  mioro-or^nicss'which'a r e  p a t h o g e n i c  f o r  o t h e r  f o r m s ; o f  l i f e , c o u l d  be.;.", 
explainedo n t h e  b a s i s  o f  h o s t  immunity* t h o u g h  a  h o s t  p a r a s i t e  s p e c i f i c i t y  
’m e c h a n i s m  m a y  a l s o  b o  ■ i n v o l v e d .  ■
. T h e  -lack o f  d a t a  o n  i n s e c t  I m m u n i t y  i s  p a r t l y  because o f  t h e  d i f f i c u l t i e s  
i n  p r a c t i c a l  p r o c e d u r e s ,  i n  c o n t r a s t  w i t h  t h e  c a s e  w i t h  w h i c h  m a m m a l s  l e a d  
t h e m s e l v e s  t o  i m i m o l o g i c a l ;  i n v e s t  l o t i o n s * , a n d ;  p a r t l y b e o u a e o  o f  v a r i a t i o n  
b e t w e e n  i n d i v i d u a l s ,  a n d . c e r t a i n l y  b e t w e e n  s p e c i e s *  H o w e v e r *  t h e  r e w a r d  o f  a. 
c o n c l u s i v e  a n s w e r ,  p a r t i c u l a r l y  w i t h  r e f e r e n c e  t o  t h e  t y p e  o f  t m t u r a l  a n t i b o d y  
t h a t  m i g h t  o c c u r ®  w o u l d  b e  s u f f i c i e n t  " t o  w a r r a n t  a t t e m p t ©  t o  o v e r c o m e  t h e  
d i f f i c u l t i e s *  "
■ fsxonqmio':position-of *Ohromobaeteriura ■
; t y p h i f l a v u m *  " a n a  1 B a c t e r i u m  e u r y d i c e 1 - .
1C h r o i n o b a c  t e r l u m  t y p h i f l a v i m *  (* B a c t e r i u m  t y p h i f  lavura* 9 ' P r o g e l  and S t i c k l  9 1908).
.'■ '•’In. 1923 -Bros©!;,and...Stickl isolated from cases of typhoid -fever in .: ’. 
Germany a yellow pigment producing organism which. r ir^ed ’* Bacterium 
typhlflavum1 % later*; . o t h e r,;bacteriologists -obtained similar isolates frora: '
•. m a n y  s o u r c e s  i n c l u d i n g ;  b l o o d s ; u r i n e f' w a t e r , . : g r a s s * a i r . a n d / s o l l ♦'; 'The r e a s o n  
-’f o r  t h e  p a r t i c u l a r  i n t e r e s t ' i n  t h e s e ’b a c t e r i a ' l a y  -in t h e  c l a i m  m a d e - b y  certai n ; - :
; -.workers :( B r e e o i  a n d  S t i c k l *  1 9 2 8 ?  v *  C a r a  a n d  S t i c k l , .  1 $ 3 3 *  i o t r o ,  1 9 1 1 ?  
> a G ? o s s ® a f m y  1 9 3 2 ? :  S o b e r n h e i m , . l 9 3 4 )  t h a t  ; t h e  : o r g a n isms'. c o a i d *  o u r x n g  .the’, 
c o u r s e  o f  m o r e  o r . l e s s  f r e q u e n t  c u b o u l t u r i n g g  b e  t r a n s f o r m e d  i n t o  eB a o t «  
t y p h o s u s * *, ( S a l m o n e l l a ■ t y p h i )♦ T h i s  c l a i m  s t i m u l a t e d  a  g r e a t -  d e a l  - o f  .contra.-' . 
v e r s y  i n ‘ t h e  . e a r l y  1 ^ 3 0 *  s ,  w h i c h  w a s .t e r m i n a t e d  b y  s t u d i e s  d e m o n s t r a t i n g  ;
. c o n c l u s i v e l y  ;that transformation. didc’nbt . o c c u r ’ ( C r u i c k s h a n k  f 1 9 3 5 ) * ,
C r u i c k s h a n k  s u g g e s t e d  t h a t  a n  a p p r o p r i a t e  p l a c e  f o r (K a c t «  t y p h i f l a v n a * 
w o u l d  b o ’' i n - t h e 1 g e n u s -  C h r o m o b a e t e r i u m t a n d  W i l s o n  a n t b . E i l e s  ( 1 9 5 5 )  
i n c l u d e d  t h e  oTmnim,into . t h e  a b o v e  . g e n u s  n a m i n g - i t  a s  fC h r «  - t y p h l f l a v u m * «
. T h e - ’ g e n u s ~  Chroiaobaoteriugt in generally. regarded a s  i n c l u d i n g  o n l y  m o t i l e *  
G r a m - n e g i t i v e *  n o n - s p o r i n g  r o d e  producing a • vidjret pignssnt (violacein)- 
:w h i c h  i s s o l u b l e  i n  alcrhol b u t  n o t  i n  c h l o r o f o r m  o r  water ( B o r g e y ’s  •
H a n u a l *  1 9 5 T l  S n e a t h *  1 9 6 0 $  W i l s o n  a n d  f i l e s ,  1 9 o 4 } «  P r o b a b l y  b e c a u s e  o f  
t h i s *  W i l s o n  a n d  M i l e s  s u b s e q u e n t l y  ( 1 9 - 4 )  p u t  t h e  g e n e r i c  n a m e  ( i * e *
' C h r o m o b a c t e r i u m )  o f  t h e  o r g a n i s m  u n d e r  i n v e r t e d  c o m m a s *  i n d i c a t i n g  d o u b t  
r e g a r d ! n g  i t s  - t a x o n o m i c  p o s i t i o n *  ■ ’
'At-present the most appropriate place for *Chr« typhlflsvum* .appears 
to .he in the genus Brwinta* jlurasohU■'.Friend and- Bolles' (1965) isolated • 
from the internal ormns of deer and from human .throats a number of.
. f e r m e n t a t i v e  • b a c t e r i a  p r o & u c x n  y e l l o w  p i / p e n t ? a n d  . d e s c r i b e d  t h e m  a e  b a i n #  
* E r v ; i n i a - l i l : e ”; - a l t h o u g h  o n l y  l i c i t e d ’- e s n m i n a t i o n  o f  t h e i r  l a b o r a t o r y  ■ '
p r o p e r t i e s  w a s  m a d e .  More' r e c e n t l y .  O r a h s m  a h d ' : B o d $ d s 3  ( 1 9 6 7 )  c o m p a r e d  v  
t h e  m o r p h o l o g i c a l  ? c u l t u r a l  a n d  b i o c h e m i c a l  p r o p e r t i e s  o f  3 5  . i s o l a t e s  o f  . - ' 
r o d '  s h a p e d  C ^ n - n o ^  i i v e ?  y e l l o w - p i g a e n t e d ,  f e r m e n t a t i v e  b a c t e r i a  w h i c h  • 
c o m p r i s e d  n a m e d  c i l t u r e s  o f  h e r b i c o l a *  (B r w i n i a  h o r b l c o l a ) ?
Brwinia iathygi, ;Er« ananas» Eg* nllletiae, Br* uredovoga, ..and Bact.
I -typhifXavum* (Ohr* typhlflavua*) ? as well as the organises isolated from 
, deer and man by Kuraschi and "his co-workers* dmlmm’and Hod^kies considered 
'■that. the differences-they found woro insufficient to warrant the use of 
', separate names for 1 Bast* herblcola9 . (Br» feerbioola) , Er* lathyrlg Kr«> ananas 
and1 Bac.t• 'typhlflavua* QChtv typhiflavum*) , and suggested that all, should 
bo' regarded:as. Br« herbloolat-: because of insufficient information regarding 
the plant; pathogenicity of Er* milletiae and Br* urcdovoray'It was -ru e~te&
■ t h a t  t h e y  s h o u l d  r e m a i n  s e p a r a t e  specie© a t  p r e s e n t #
. ^dao r e s u l t s  .of. a n d  Omlima'a n d ' H o c i 50 c i s s  a r e  c o m p a r e d  w i t h
. t h o s e  o b t a i n e d  in t h e  p r e s e n t . s t u d y  (m& T k b l © 41)® 'The; comparison-shows' 
-that dl. of t h e  forms inolMed a r e  very similar * being distinguishable f r o m  ■ 
e a c h  o t h e r  o n l y  on t h o  b a s i s  of.a.email number of tests* F o r  example, '
. Eg* ananas can bo distinguished from the other isolates in being indole-, 
positive and being unable to reduce nitrate or to produce mucoid .growth on tug- 
■: sugar -containing medium* v Similarly, ll-r* uredovora differs from most of the
other forms in being, usually? indole-positive and H2sf-ne&ati» e ? and bwxng 
unable to form niuaoia ■ growth on sugar containing podium. - The 35 isolates
Laboratory properties of 89 cultures .’of motile9. Oras^egative 5 vo6 sbape&9 f
Test
Isolates examined by Graham and Ehdx^ l©sj'-(19£?)
E x v  herbicola h r *  Ia.th.7r i  E r *  ananas E r *  u r t d o v o p a  j E r «  -taillo
'':"(YTsolates]’ (6 i s o l a t e s ) ( 4  i s o l a t e s )  ^ 3 ~ l o o l a t c n )  |*(l~isolat
Mucoid on sugar 
. containing ©odium . . 4 5 )
/■ . " i
4,
Acid from-lactose ^(3) + . - 4*
■ maltose 4 4- + ■ ’ . 4- t . 4-
” raffinose. ; “ -(5) 4 4-
” ■ 0 sucrose 11.£. : 4-tit • • i’ s e I '.»• ' H*E. E:;V;. ,j f Vi5 «U#
n *! rhamnoee ■ 4 4* 'O’) 4: - ■ 4 '
>  ■■ • '-inositol.-■ •=•' 4 - 4‘ 4 - 4 ' 4
w •* dulcitol ' UeE* EVE. i* 0 &  .
■ ■ .4 . , !
F 17 ft \ Urn I.*
,T *• sorbitol.'■ : '* 4- ■4-
. ; 1
■ 4 ■
!l 11 arabinoso jU.E*,' ' I.E. : tr t;- i> *>-•« - *% ■ -%y 11 9 .
- 0 glycerol 4 4 4 ♦ ■ ; .4
' . ** mnnltol i . -I.E. ■ **T 'p- H.iv* ;■/ II.E*
■ ■
: &# e^e
*r n salicin 4 ■ + + 4 ! ' ■+ -
llitrate reduction 4(6) 4(4) +(4)
Indole production - - 4 .44) -
IKS " ' +(5) 4(5) 4 -(4)
Gsiailn&se n 4(6) 4- 4(3) - *
-
4 '
tlrease' : ~(6) 45) -
4(4) -(3) “(3)
Oluconate oxidation . - m -(5) - -
Halonate utilisation 4 4 - 4 4
Arginine decarboxylase■- - ■- , '-/v ■ . - -
TABLE 4-1 (continued)
Notes:,
All isolates were positive; in the following tests* acid .from'--glucose'' 
-•and xylose; catalase,■ ;
■;. ; All isolates examined in the resent .work ana all isolates, examined by.;' 
Grahara and flodgkiss were. positive xn the tests for acid, product ion 'from' ; 
trehalose; - citrate utilisation;, ' OMFG^and - were negative ■ in the. following ■.' 
testsr £'acid'frcffl adonitolf'pectinase; oxidase* lysine and 'omithine 
decarboxylase (c^ickshank did not carry cut these. tests),-.
H,E, s not examined, . •’ . / f : . '
- .or. „4 . sign alone; a ,&1X.isolates within that ;specie©';-('or:';'group)'' were negative 
■. ; or positive* ;■■'
Numbers' 'in'brackets' «: the number of isolates giving.'the ;resuli shown,;
. studied during the present-work are different from almost all .the isolates 
examined by. Graham" and -Hods$cAsB in that they do not produce acid from . 
inositol* sorbitol- and glycerol* • ■ In addition? the ,35 isolates differ 
from the.majorityof'the isolates tested by Graham and• Hod^lso in their ■' 
inability.to'produce-pheeylpyrttvie acid*
, Table .41, shews clearly .that the isolates obtained from bumble bees 
during the -present work are. .virtually identical.-with .the 'strains--of 
.*Bacfcc typhtfXavum* ( gChr* iypMflavua*) described■by Cruickchaak (1935)s 
and- with theimom ..strain (HCfC 9381) of this 'species* and It seems perfectly . 
. 'justifiable to call them *Chr* - typhlflavuta** The identity of tbs' 5 strains -,
: of .so-called: f Chr».;typhiflavian*- 'examined by Grabaa and ./Eodsfeiss - is much ■ 
..more'dubious* .although they were said to have been supplied by the:National- ,. 
Collection of-Type Cultures, no.strain reference numbers were given*;and 
it is thus hard to check .whether -one of. them was %CTG 9381« . It is difficult 
understand--"why tho.'; .workers' involved' continued' to "accept these strains :
, as genuine strains of. ^ hr* typhiflavum* after-'they'had discovered that 
'they- were • inositol-positive* .and m e n more -difficult -to •' fathom - why* • in .' 
view of this discrepancy* - 'they or it Led:-to check on the reactions produced
- in '£nicros0*'ar&bino59.t' duloitol 1i ’ v nnitol* all of-which were .-included..; .
- by ’Cruicksback*;, "These 5 .isolates. may;or' may not. be. justifiably placed in 
-Br* ;herbicola* the matter is ©f little 'relevance* : what is important is - 
-that there is a'perfectly recognisable and homogeneous group of bacteria 
called* at present* 1Chr» typhiflavura1* to which the bumble bee isolates.
: reported- here belong* and to which the organisms tested by Graham and
. Of course * the taxonomists concept of different - genera tends to alter 
. with time .as.new information becomes available* and the present- view,of 
what; properly constitutes the genus ■Chromobactoriusa differs from that of 
Cruicksbank. nearly 35 years 'ago*"and:docs.not now admit the inclusion of a 
bacterium- producing a yellow.-.-pigaentf- wherever *0hr. typMflavnm* belongs 
it is .not in the genus Chromobaoteriusu-. Tho ability, of this .Gram-negative 
.rod to produce • ca talas© but not oxidase and - to': attack carbohydrate fermenta­
tively * places .it - squarely within tho family Enterbbacteriaceae 9 and its .' 
failure’to produce..^©. -ivhilst fomenting glucose* together .'-with'-its ' 
motility* strongly suggests its inclusion in the. genus E r w M M »  The 
failure to produce the ensyse peotinatse is of no consequence here* because 
. it has long been known that the Erwinia group contains non-pectinolytic ■. 
members and the present trend is to separate, the pectinase:producers that 
cause soft rot in. plants into a different' ©snug* Pectobacteritsa. As 
regards 'the ’specific .ma©»'. *Chr> ’ typhiflavum* cannot, be identified as 
any/known Erwinia; species (B orgeyfe Manual* 195?) end it is not the same, 
as any ©f the species examined by Graham andTlod^kiso* • It.is? therefor© 
suggested that the most appropriate name* in the light of present knowledge 
concerning this interesting, orguiifem* is Erwinia typhlfjavnsu.
.* Bacterium eurydice1
*Bact« eurydice* White -fA.cbroabbacter ourydlo©** Bergoy1-© M&mfel*: 195?)
usually occurs in honey bee larvae affected with-European foulbrood
disease (Whit©* 19205 Bailey* I960)* White named this orginism in 1912*
and although Bacterium lias fallen out of use* and is no longer employed
as a generic epithet* it would appear that no attempt has been mad&ato
assign it to any existing genus® This is understandable because It is a 
difficult organism to identify and its isolation requires special media. •
,fh& .organism cannot possibly be placed in the genus Achroaobactor which§ 
according., to tho present widely accepted definition* excludes dram-positive 
or Gi’am-variable* catalsee-ncgatiye organisms which .at tack sugars formeata- 
’ lively.; .
Ag ' ; Gubler (1954) .has suggested that ;
;the best place 1 or gBact#iri would, be in;the -jgenus hactobacillus ■
gand-certain^;^to:;crganism:i .possesses all. the necessary .properties of the
, genus. One recent .definition. of' the genus is by Cowan' and; Steel - (19.85) who
described it as consisting of "Gram-positive rods* typically non-cjotilos
: 'non-sporing; -'not, acid-fast. '• Anaerobic and .l&oulfatively aerobic. Ilalaluse-
no^tive* - Grow best at about pH5. Attack, ©agars fonsentativoly”®'" These
features toother ..'.with. the poor* non-pigmented growth .on surface media* •
■ improvement in 'growth-by carbohydrates* failure to form oxidasC and
: golatinase* and failure to reduce nitrates (BcrgDy’c Manual* 195?? Sharpe*:
1962|" Wilson and Milos* 1954) seem to offer enough ground for the''inclusion
of ,Eaot. eurydice8 in the genus Lactobacillus." Members, of-this genus ,
are "known to occur in many different habitats including alimentary tracts
of man and animals (Sharpe* 1962)* .giving further support to the, idea that
*Bact» 'eurydice* strains* which were isolated mostly from bead tissues ■
or alimentary tracts of bieihlo bees examined during the present work*
might be lactobaoilli.-;' fable 40 includes the. proper ties of the organisms .
resembling eurydice* "(dendrogram defined group 111) isolated in the
present study and it will' bo seen how well, they satisfy the criteria of
the several authors described above*
It snashthoudit desirable to obtain the opinion of one with expert know­
ledge-of the genus Lactobacillusi Br. M.E# Sharpe of the national Institute 
. for - Research in Dairying* University .of Reading* England* kindly examined 
5 of the ,Baot. eurydice1 - like organisms obtained in the present work
•.and.thought that they-were unlike l&eiobacilli in fermentation teats.
She .'found it .difficult . to assess taxonomic affinities of the -er^ inisms. 
in the light of Dr. - Sharp©1 s observatiene it was thought worthwhile to .
-• ce©pare • the fermentative properties of strain 132 (the strain, - isolated 
during the present work,,bearing closest resemblance to 8Bant. cngydlecfl 
.'.and-a standard culture of *3aot* . eurydice8 against re corded'proper ties; of ■ 
strains-of Lactobacillus species. ' For this: purpose the info relation given ,
\ in; Table 1 da of. Cowan;and Stoel-.-(l96?} -was used* fhls table was very, 
useful since ;it' included ©embers of all the three min  groups (&s$. ■ - .
I'honsobaoterium* Strepi'dbac£eriu&i':and Befcabacterim) 'of' laetobacilli* - •
■fable 42 clearly shows the followings 
- (a)'. 'I ‘"considerahlo variation exists in .fermentative abilities oflactobacilli. 
-' (b)‘ The two *Bac.i< eurydice8 -..©trains attack ©aly^small- number of fermentable' - ■ 
. snbstancssf a feature shared by-a good proportion o f :Lactobacillus 
species included in the table. .
(c) The two *Bact* eurydice8 strains ware unable to attack lactose* and -'
., appear to h®-very' similar to those loctobacilli which are also unable 
is attack lactose .(i.e. L.» delbruaekii and L. virldc-scans)*
' In practice, fermentative -criteria are of only limited - value ..in 
identification of.tho genus ■Lactobacillus although the classification  ^
at species level is based mainly on those .features. According to Bergsy1© ■ 
..Manual (195?)* loctobacilli may attack glucose and similar aldehydia 
hexoses, carbohydrates which yield these simple sugars,' and polyhydrozy 
alcohols either by homofermentation to lactic acid or by hoterofcrment&tion ■ .. 
to lactic and acetic acids* alcohol and CO^ . The results' (see Tables;40 
and £42) clearly show^ that 83aot. eurydice8 ;is a fermentative organism
Fermentative•'properties of Lactobacillus -species a
- 'Data from Table ..I 'da of Cowfen and. Steel
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Also examined' by Br* K.E. Sharpe 'of the National ^.Institute for Research in Bairyi
Station* Barpenden*o . -Supplied by Br* L* .Bailey* Rotbameted Experimental 
The following notes apply to "the data of .Cowan and 'Steels -
4 & XGO - 80/>.strains positive?. d-*» 79 - 23$ .etrain© positive? 
-•« 2 0 -  0%-. strains positive.
Hertford©
w h i c h  p r o d u c e s  sold frw'i 3 u e o c e . ^  (without g a s ) ®  s u c r o s e *  t r e h a l o s e  a n d  
mniitolc : S t r a i n  132 m g  also, found by Sr. S h a r p e  t o  p r o d u c e  a c i d ' f r o n  
amyglalin and l a e v a l o s e . .Those results ' u n d o u b t e d l y  f u l f i l  the" f o r m e n t a -  .
■ five criteria' for the entry of'8Baot * eurydice * into the: genus' Ivtc tobacallus* •
. It appears .that,' a t : the moment* the most appropriate place "for ♦Bact. : 
eurydice1- would be in tho \tmnm Lactobacillus* and It .-would' be reasonable' ;' 
to:suggest that the organism Should.- bo called .Lactobacillus'eurydicej; a 
study of th&\'Wk;'bam .compositionsof' 9Sact* ■ougyfliCQV  strains might ■ sub- - - 
stantiato this. Highly-atypical, orginisms* including motile - and.; catalaso- 
positive forms* have been described'-"as' ♦ iectobacilli1 (Harrison and Binscn* :
■ 1 9 5 0 s  ■. Baer© and Sharpe * 1 9 5 6 1 Va&ova, 1 9 5 7 )  and : t h e  p r o p o i & i t  t o  include -
8 Bac t > eurydice8 * w h i c h  p o s s e s s e s  a l l  t h e  n e c e s s a r y  f e a t u r e s  o f  - t h e  g o n u s *  
i n  Lactobacillus seems -to f u r n i s h  s, w a y - o f  providing t h o  o r g a n i s m  w i t h  
an, acceptable g e n e r i c  m a o * ,  without doing v i o l e n c e  to e x i s t i n g  v i e w s  o n  ;.
: bacterial'systematic©*
: v-
Value’ of the numerical taxonomic method
•-The extensive use of ,i\dsnsonian methods, using aimer leal techniques, in .
microbiological classification Ims already been pointed out in the Introduction.
The present .study/ like'others of 'Its .kind/;.indicates .that numerical: taxonomy, can,
offer a better method of groujjing a. collection of bacterial strains; than more
■ conventional taxonomic procedures,-Shis 'is.evident from, the .fact that every'
computer (or., dendrogram). defined group obtained during- this work was a closely
knit entity, possessing many features which were manifested by-all or at-.-least ■
most of its strains- (see'Tables 16,32*40)y. furthermore, ija j degree of
some of the ; r;.'
correlation existed between^ndrbgram defined groups and their occurrence in
different host species (see Table 15)® , It is worth mentioning that the. computer
groupings were generally similar to those which could be recognised on inspection
of the results, using, the intuitive process which'- so frequently plays a major .
part in-scientific work of this:kind. £ /
Groupings obtained by the 8.L,I% method were always more elaborate, sane times
distinctly so, than those yielded by the S.L.G. method: that is to say, at a ■
given.similarity..level, there ;-tended.’to be a-greater number -of.groups."' The -.- 
results yielded by the' two methods, -however,' were'never - in serious conflict ; 
with each other;as far as the canx^osition of corresponding dendrogram'defined. 
groups were concerned.; It is therefore suggested that the b.L.-U. method might-’. ■ 
be the one of choice for cluster analysis of a large collection of bacterial 
strains.
It is true that, using existing techniques in computer taxonomy, the 
systematic! must, investigate a . large number of properties to achieve satisfactory. 
results, especially if exact identification of an organism with come tsrevioasly 
described forms 'Is the aim. But it is clear from the computer results of the
present work. .that,-,.although-tim-Gomwdug and laborious, the numerical' 
technique can provide valuable' information which may be used to improve’ the 
definition of a; hitherto, ill-defined' iaxon, - especially • at' the genus and 
■ species level* : ’’
-• ■ ■The present' work. also demonstrates the value of a ' variant' of the 
•numerical taxonomic .process which, as far.as.the writer is aware, has not 
.hitherto been /described* ,'-'%is'w&s the .'^ uae, .in the; General Survey,- of 
numerical taxonomy to reduce the labour of examining and c ciracterising , 
a large collection of unidentified bacterial strains from-a given habitat, . 
by a x^aliainary computer grouping, -utilising a limited battery of tests, . 
designation of the ‘central or "type** strain of each group (on the assumption 
that .the identity of this strain would be that of at -least the -majority of 
other strains in the group), and detailed study and identification of the 
"type” strains only* The method seems^ in this case^to have worked, and it. 
would be interesting: to discover. whether it were of more general applicability 
there seems no apparent reason why this should not be so*
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